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Preface

This Viewer's Guide has been specially prepared to further your enjoyment
and understanding of CONNECTIONS: TECHNOLOGY AND CHANGE.
America’s first national media program to feature both a newspaper and a
television series, CONNECTIONS : TECHNOLOGY AND CHANGE was

‘dcvc':lnpcd by Courses by Newspaper, a project of University Extension, Uni~
- versity of California, San Diego, with funding from thc National Endowment

for the Humanities:
C omponcnts of the program include a ten-part television scries, Connep-

tions.” “coproduced by BBC and Time Life Films and featuring writer/na rrator

James Burke of the BBC; a narrative text, Connections, by James Burke,
which is the companion volume to the television series; a series of fifteen
ncwspapc.r articles written for Courses by Ncwspape.r and coordinated by
John G. Burke, Professor of History at the University of California, Los An-
geles; a Reader/Study Guide. Technology and Change, cdited by John G.
Burke and Marshall C. Eakin; and this Viewer's Guide.

“Connections™ was presented for the first time on Ameriean television on -

PBS by WQL D/thtsbux},h with a grant from the American Telephone & Tele-
graph Company and Associated Companies of the Bell System in the fall, 1979.

Designed for both the interested vu,\w:. r/reader and the student enrolled for
credit. this volume relates the video and print mmponcnts of the multimedia
program. Both the television series and the print materials delal with the **con-
nections “inherent in the course of technological development and among the
technologies that dominate our world. In additiag. the two Burkes were in
consultation during the development of the program. Each component, how-
ever, presents a different approach to the subject of technology and change.
James Burke uses the television component to present a series of detective
stories that connect seemingly unrelated events as he traces the cvolu{.’on of
cight modern inventions. He thus presents the historical low of technological
development. and then raises questions about the nature of technology and
our dependence upon it from this base. John G. Burke, in contrast, has struc-
tured the newspaper series and the book of rgddmgs around the questions
themselves, focusing on such issues as the eftects, preconditions. and sources
of technological change.

The aim of this Viewer's Guide is both to highlight important points and '

themes of 1he television series and to tie those themes to the different per-
spectwc s of the newspaper articles and the artldes inthe Re&der In addition,
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this vol’unf:- provides some ix}tcréstmg background on the filming of the “Con-
nections” programs, which took James Burke and his crew to more than 150
locations int nincteen countries, Also included are questions for diseussion
and study. Finally, the Tune Chart is designed to give the reader a sense of the
chronology of the developments discussed in the video and print materials.

Muny people share the responsibility for the development of the Viewer's
Guide. George Colburn, Project Director of Courses by Newspaper at the

University of California. San Diego, has been perhaps the single most instru-
mental person in bringing the television series and the course by newspaper
together. He also shared in the basic. conceptualization of the Guide. Elliot

. Wager of the Courses by Newspaper staff did much of the work on the Time
Chart. Both John Burke and James Burke have been kind enough to review
the manuscript, and Jumes Burke also contributed the information for the g

"Program Background sections. Thanks are due to all of these, but the greatest

. debt is owed to Jane Scheiber. whose careful editing and perceptive sugges-
tions have become a substantial part of the final volume. We also wish to
acknowledge our gratitude to the National Endowment for the Humanities,
which funds Courses by Newspaper, and to its Director of the Office of Special
Projects, James Kraft, for his support of this multimedia venture.

Although Courses by Newspaper is a project of the University of California,
San Diego, and is supported by the National Endowment for the Humanities,
the views expressed in course materials are those of the authors only and do
not ncccss*}ziy reflect those of the funding agency or of the University of
Californiy/ : '

Kiki Skagen Munshi




‘PBOGRAMONE .
The Trigger Effect

- Program Summary

"*Look around you,’ rcquc,sts James Burke as he opens the first program in
the ""Connections™ series. Look around — and see the technology upon which
you are dependent. What does it do to you? What do you do to it? What were ’
its origins? How did it grow? What would happen if it weren't there?

Burke leads us through the light-splashed night of New York as he talks

about the technology island we have created on Manhattan—and in other
majur population centers of the world. The use and understanding of tech-
nology do not. he says, go togcthcr The elevator doors close between us and
his face, leaving’us to watch the gears and pulleys that pull the box up into a
skyscraper. Burke thus shows us the reality behind the wood-paneled interior
of the movable box. And he uses this example to evoke a fear many of us
share about one particular manifestation of technology. What if the clevator
stops halfway up and the lights go out?
- In November, 1965, Burke tells us. it did stop. New York's vulnerability
was graphically illustrated when a rather small pxecc of equipment did what it
was supposed to do. The evening began normdlly On the subway, in the
airport, in hospitals. on the streets, at the United Nations, and at the head-
quarters for ConEdison, people followed their routine activities. Lelsurdy at
first, then at an increasing pace, the camera cuts from one scene to another as
we approach the point at which Adam Beck 11 power station fallcd draining
light and heat from the great city.

The response of those caught in the Ngw York blackout of 1965 was to

“make do™ with the technology: av‘uldble while they waited fo* more tech-
- -nology to come to the res.uc But what, Burke.asks again, would we do if
technology didn’ t LOlnL o the rescue, if it failed altogether?

I it all failed, s‘upphgs woilld rin ‘out and we'd have:to leave the techno-
logical lsiand thercity. Burke strxdes-through a bleak landscape of abandoneq
caps and deserted freeways, talking about the few altcmdmes that would then
be left for survival, For example mdays farms run on power— gas for

‘ &
5 | ,
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‘- tractors, electricity. for power saws, drills, sterilizers, light, water, and sewage.

The only means for survival would lie in the simple technologies that did not
depend-on these sotrces of energy. If in a d'u'sty loft we were able to find a
plow and harness, if we hadrdraft animals, ifthgy ‘éﬁ)gld be hagnessed (and the
cows that Burke pufs in _fm.n: of the plow wm}id"not normally take kindly to
such carrying on), and if we had the technical know-how for old-fashioned
~ farming, then and only then might we survi&'_. i :
~ The basis kt’ civiltzation rests on food and the means to produce it. The
scene changes to desert and oasis, one of the places where the weather
* changed about 12,000 years ago. When the grasslands dried into desert,
nomad hunters headed for water. In Egypt this was the Nile, and Burke uses
the rope and wood of an Egyptian plow to illustrate his point. The plow,
according to Burke, was the “first man-made trigger of change,” and it
allowed humans to predict that thére would be food in a particular place at a
particular time. The ancient Egyptians could, and had to. plan for the -futufe.
They needed to store grain. They needed to cook it. These needs gave rise to
the technologies of ovens an‘d' potting and baking. Finally, the need to know
when the Nile would flood and the need to allocate those flood waters
according to a predetermined plan brought about a strong, central govern-
mental system that quiqkl); became an empire. '
" The same kind of trigger effect— one that changes a nomad society into an
" empire — is now occmf‘ring in the Arab states. The questions it raises about the
causes and‘ effects of change are, by and large, the same that can be asked
about ancicnt Egypt and about our own society. We will explore them in this
chapter because they form the basic themes of the rest of the series.

Program Background

This program takes us from the top of the World Trade Center in New York
to the top of towers in Kuwait as James Burke explains our dependence on
-modern technology and discusses rapid change in the modern world. Eight -
hundred thousand people were trapped in the subways in the New York black-
out'of :1965. The group of them shown in this program have re-enacted their
experience. as have the people in the other dramas of that day. These scenes -
were shot in New York City and Kennedy. Airport. The deserted freeway
scene was taken on Staten Island-— on a section of road not yet open to traffic.-
The Egyptian scenes were filmed on location in Egypt, which in many
places has changed little since ancient timeS. The potter makes his living
casting pots on that wheel. The step pyramid andtomb are by Cairo, but the
great pillared hall is a part of the Palaces of Thebes in Luxor, Upper Egypt.
The Arab falconers were, of course, in Kuwait, where the last scenes of the
program wer€ also filmed, in a viewing area atop great water towers.

.
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+ exist. The Eg)pnans could not have invented the plow if they had not.known
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. society ™ really includes all societies. Burke mustrated the technological com-

Thc many qncmons .Lum.; Burke rai.scs durmg Thc: Tnbgcr Effect fd“ mto -
three general dreas. All qt thcm are :mportant to evcry mdmdu.al in today ) T
world, whcthcr or not, hc or. she thmlss about them ST ‘ L e

K . * ‘
v

The compkxuy and s yst:mu nature of wcﬁnoiag:cal soc:ety I'eghnologlcar‘ .

plexity of ancient Egypt .md the ways'in whu.h peoples born over 4,000 years AR
“ago, used their tqols. to build monumelm we still’ marvel at today. Even | -
- without those monuments, or the capacxty to 'produce them, anciént societies -
were still “techndlogical™ in .1 very basic way. -They used unplements for
farming, cooking, and stormb food. They made ‘chothes ard, shcxs They

* created harnesses for draft anirmals and constructed buildings in which to hve

-

« As the complexity of technology increases, however, twd things, happén. o
First, a grca‘ter number of processes come into being for an end product In';:‘ R
anuént Egypt the potter mixed the clay, spun the wheel, threw the clay on it
.and formed a pot in which to store food. In contrast, the plastic containerina
modern-refrigerator is the praduct of many more—and more intricate —
' processes th4t began, in part, with the extractiog of oil from. the ground.

Second, the user of technology bccomes further removed from the proc-
‘esses by which artifacts— the things that are used—are made. Not all people
in ancient hg)pt could make pots. But most of them Sould describe how they
_aré made. Very few df us can do the same for plastic contamers

Moreover, none of these technological proccsses occury in lsolatlon for
every dspect of technolog) is- an aspect of a whole system: A cultures
tcchnology isa structure, composed of many plLCCS and all interlock; one
part is laid on anotheg part and cemented with a third. An “*instance” of |
tcdmoiogy does not JM:} and this implies somethmgelse If ofe part
of the technology is changed, there is some impact on other parts of thdt
technology. The impact may not always be prcdxctable—all we can deﬁmtely
say is that, because of the systemlc natyre of technology, ‘there will be an
lmp‘&:t .

- .

' T.he hows and whys of rechnologzca! change. Burke s basic thesxs in “Connec“-

b

' wantgd to keep.

“tions " is that chang,e occurs as a result of many factors, But only under certain
conditions. The most imporfant is thatsa “technologxcal infrastructure” must

how to work with wood or domesticate animals. Second, for the technological
change to take hold, be used; and have an effect, there must be a need for it.
Pots were not made before there was a surplus of somethmg that people

* +
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bpu.lm re.ison.s that Lhdngc oceurs, howékr are more difficult to identify,

o Burkc bdlt.‘\c:s that bggausc of a “trigger effect.”” change in one area leads to
A cham reaction of other thmz,cs What bnng,s the initial change into being?

It may be individuab mg,enuxty an economic need, the resylt of war, or the
otitcome of 4 number of other spumc occurrences. We will see several of
these chains durmb the coming programs and, as Burke says, “*it will become

" ielear thay histery is not, ds we are. so often led to believe, a matter of g great
“men ang lonely wgeniuses pomtmg the way to the future from their ivory

towers. At wn;c point every mLmbtr of >ou;ty is involved in the process by

F]

The paar pre.sen: cnd future effesis of technology. The opening scenes of the

,'tdcvxs:on program demonstrate the tremendous impact of modern technol-
'QE,V on the people who live in New York City and on the world they inhabit.

Most of them are changed physically by their technologal environment.
Count the people who wear eyeglasses. Look at their bailds. They are tall and

well fed. Perhaps some of their muscles are not well developed because they
_rely on other forms of technology such as the cars, which move in more or less
-ordered lines. © - -

~ Those lines, pcrttps are symptomatic of the ways in which. tcahnology

| shupcs soctety. It would be dxtt'/ph to drive if we could not predm. with
Lt

reasonable accuragy} the movemyyts of the cars around us. We can, howevef)

- in part because we have to make and follow rules about movement that
simply wouldn't be necessary in a society where everyone walked. This is a
smull example, of course. A larger one is implied by the existence of those

cars. humumc owns them, someone must keep them runmng _someone Is
responsibie if'one hits a,d kills.another person. The cars exist in more than a
technological environment. They must, of necessity, exist in a legal, political,
and economic environment as well. :

And finally. the cars and all of technology have an tmpdct on the physxcai

" environment in which they exist. The island of. Manhattan—a great shell of

corrcrete, asphalt, steel and glass dropped over a hump of dirt and rock - may
be the ultimate symbol of the way thhnology reshapes the world we have
mhcmcd from Nature.

-~

Reﬂdmgs

Reuad Chapter One in James Burke’ book, Comzectwru
Many of the amdcs in the Reader, Technology and Change, apply to these
themes, but they provxdc different approaches td the questions and different

interpretations of eyents, phenomena, and ideas. James Burke, for instance,
. - ! 1 . ! N

[}

" This brings us to the third

_——



«

e : The Trigger Effect | 9

. : e o

used the 1965 blackout in New York to illustrate our dependence on tech-
nology. Barry Commoner in “Are WesRceally in Control?™ (pp. 6-9) would,
“no doubt, agree with the fact of that dcp;andcncc. But he sees the blackout
primarily as illustrating the fuact that we are creating technaological systems we )
do not: tully -understand and cannot tully control.” That theme—is there
control pver technology ?—continues to be explored by people with vastly
differing ideas: Lewis Mumford, in " The chhqi,qgc' of Total Control™ (pp.
10-12). sees technology as a threat to frcct‘tkﬁs‘f!?;: Jacques Ellul, in **The
Technological Order™ (pp. 13-19), believes it ¥'no longer possible to take
* command of technology; Samuel C. Florman, in **In Praise of Technology ™
(pp. 21-30); takes up and refutes each of these points, arguing that the
problem is not technology but our demand for its benefits, S

The question of technological determinism— is technology the determining:
force in human affairs. or.are humans themselves responsible for their
world—is, continued in subsequent articles. Peter F. Drucker takes a middle -
ling in his article * The First Technological Revolution and Its Lessons™ {(pp.
39-46). He believes that the conditions that technology created determined
many social outcomes, but that humans controlled the philosophical and
cthical basis'of\society. Drucker’s discussion of irrigation civilizations con-
tinues and expands the material from the television program and the book
Co)nwcu’om;, although it differs in a few details. Drucker also discusses some
of these questions in the second newspaper article, *'Silent Revplutions.”
Similarly, Jucq&ﬁronowski's selection, *Technology and Culture in Evolu-
tion™ (pp. 55-59), picks up and expands James Burke's point about the
“future ™ that was created in Egypt with the invention -of the plow and the
cultivation of crops.

Simon Ramo's selection, * The Systems Approach™ (pp. 77-82). uses the
complexity and interrelationship of technology and society to illustrate an
intellectual tool: analysis and design applied to the whole rather than com-
ponent parts. With this and with the tools provided by modern technology, he
asserts, we have the means to find answers tofproblems such as those raised by
Burkc. . . . s
~ John Burke, in " lechnology on Trial.” the first newspaper article for the
caurse, addresses the themes we identified above, and raises questions in each
area. Note the differences between his and James Burke's approach. No
fundamental disagreement emerges between this article and the television
program,-but we could casily imagine the two men debating the importance

-attached to certain factors. This difference in emphasis (John Burke designed
the newspaper course and edited the book of readings) will continue through-
out the coming programs. and we will return to it occasionally in the §hap-
ters ahead.

¢ i";)'
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' Discussion Questions ‘ ~

1. Put in writing your imprchioqs of the way Jamés Burke feels about f:ch-
nodogy. (A) Put it aside for a few weeks, then réad it and see if you've
changed your mind; (B) Contrast his ideas’ to those of either’ Ellul or

- Simon.. o

4 T o . { -

)

you beliews lilusnatcs the systems Jpprmdl toa problc

3. Do you believe the ancient Egypttans’ dgpmd;ncc .on tc.chnolosy was

‘qualitativgly different from that of the modern Nc,_w Yorker? If you do,

. you might try to. put thcsc difterences in opposing columns, then com-

pare them. » : .

Dt.hkrlbc an example in the television E)r%mm Thc 'Inéscr Etfcgt" that



PROGRAMTWO .

.,-De,éthintheMo'ming "

- -

-

- an event farin the past tp an invention that influences the modern world— "

| marketplace some 2500 years ago. The black piece of rock has a polished side . ‘

Program Summary

ot \ ot

This program is the first of the *“*detective stories™* that will transpurt us trbm

in this case, the atomic bomb. It opens with Burke on a sailing boat, 1ookmg,

ahead acrosy the Meditertanean. No one; he states, can see mto the, futurc

We only guess the effects of our actions, R S
Th;s pamcular story begins with a touchstone in an Edbtem Mcdltenanedn R

thaf can be marked by gold, and its discovery meant the standardization of .
coinage with the consequence that trade rteplaced barter. Trade -in turn

‘brought.more ships to Mediterranean ports and the dissemination not onl) of . .
. gouds, but of knowledge. ' .

Thc. scene changes to the bu.sy markets and flat-topped cement roofs of
Alcxandrm in modern Ebypt Burke, walking among ruins against a white'hot ,

~ sky, talks about the bummg of the great library of Alexandria, built in the

third and fourth centuries B.C. Not all the books were desxroyed however
‘He climbs down into underground caverns made for the scrolls and pulls outa

. “E . ’ ' . :{"
i ‘ R T
l» . . . .

chart that was 1400 years ahead of its time: Ptolemags star tables. It wasn't P ]

' . .
- much use to nawg.;tors when it was. written because of their sails. o

- The square sail then in use would sail only with the wind, and if your un go

. in only ‘one direction, precise navigation is neither practical nor necessary.

~-This type of sail lasted until- about the eighth century, when ‘Arab pirates - T

made it smart business to minimize losses by dwxdmg prebxous cargoes among
many small boats. A montage of burning ships, coms and jewels, and attack- .
ing men dlsulvc§, into an Arab dhow, a srndll ‘boat with g t;umguldr sail, or
lateen. This lateen ‘sail made sailing agdmst the wind possible. Now ships.

.could be sailed at almost any time in almost any direction. Together with the

square sail, the lateen was used <n sixteenth- cemury ships like Sir Francis
Drake's Golden Hind. smndmg on the prow, behind the figurehead, Burke
tells us how the sails \&*grk Later, in Drake s cabin, l)c demunstrates the .

L u v
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: nmsncm nudlc that painted t6 the North. Drdke s-sdils and wmp.x» gn.xblcd
hin to sail druund the world, and he rcturned with a rich ¢argo of treasures |,

&...lthl'Ld from Spanish’ ships and sutlc»ments in thefNew World. < ¢

The Ehizabethans needed accur.m. navxbmon for Lhu' trade. Etolm{y sstar

mblu Were now used ’oy n.n*ng,ators toMix their nénhwouth pasition, but the
Lomp.xmcm ool the compass, “wils r;purtgd tq be unreliable. Scene$ of the

cen on the, Thames. of ships unluadcd,b\ torchhight; of gammg, and trade’
» Ky into Hdmpton Court, where we find Burke, discoursing on<the compuss. .

An E luabeth.m doctar, Wiltliam’ Cxlbut conceived of the earth as a magnet,

s Jn to support his belicf, wds able to demonstrate that magnetizeds metal

ball alser attracted compass néedles. Compass needles, he theorized, must

pomt to the clarth’s magnetic north pole, not the north star. A by product uf..' |

his thesis—~that, there, was a vacuum, dn absence of any matter, between
“plandts— led to a series of upf.nmcms in Gumm) that produucunother

: xmpoyargt, by-product. In one of the cxpuxmq:ts a rotating sulfur ball-on ab’
- stigk blﬂ\fcd in the der dnd cmaklcd ft was the dcudcmal dxscovery ot
| du,tnutv Sl o ST

Auordmg 1o Burh a'note aboyk the erucklc.and giow. bu_riéd in'a freatise

. on anuthc.r matter, could have led down a number of difterent pdths The

" route he chooses takes us through an exploration of hghtmng and weather, by

’

S
-

"'ProgrmﬁBac'i'duhd' P

. means of a number ‘of vehicles. Burke sails above green fields in a modcrn"

balloon. similar to those used in the nineteenth cemury for weather observa-
tions. Then we see a party of Victorian ¢nthusiastsravel by foot and horse-

. B . / B . . ) . . : ‘~. B i .
12 1 PROGRAM 1’“’0' ) : ARG M L “ ,

»

buck to the top of BepgNevis, a mountain in Scotland, torinaugurate a weather
station that was ultimatdy rggponsible for the creation of a cloud chamber. . -

The end of this journey of inquiry is the cockpit of a modern veh:cle—a B-29

bomhcr from Wotd. War 11. Thesé planes were safer, and we are safer as jet
-passe ngcrs today because of gne result of the journey we have mken.wnh

- Burke—radar. But all of us are in grave d«mger because of anotlfer result, -

‘khe camera moves away from the plane to reveal the name: The Enola Gay.
The Enola (my dropped the atom bomb on H‘:oshxmd one death filled

T morning in [943 s -

-

. . . T
- -

This probram shows Burke on land, sea, and in the Aair as he rgcreates events ' ‘

over a 2500-year period. The ship sccnes tfor “Death in the Mommg usca.?
variety, of Sites and tcghmques The Upemng shots show, Burke W‘\lex&ndrm R

harbor in h&,ypt «The ‘pirate attack.sequence, however, is 4 set of visual
etfects, Ll‘t.‘dlt.d i the BBC studios. Exeter Maritime Museum in England is

~ the hoxm of the two -masted Amb dhow that Burke demonstrates,. and the
Golden Mind is lo)%,.ued in Brixham, also in En;,ldnd.

. ,’ a "' . . ‘:"J
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The demonstration of Gilbert's hypothetical “vacuum® was rcc.'rc‘at::d in
- Regensburg. Germany, during the annual Bicrfest; with petiod costumes and
. the same results Gilbest supposedly obtained. Period costumes also highlight
the recreation of the arrival of Elizabeth 1 and her entourage at Hampton
Court on the Thames River, outside London. The recreation of the ‘opening -
- of Ben Nevis Observitory is, again. on location in Scotland, while the closi
= sequence of the film was shot in Harlingen, Texag, home of the oaly B-20 sl
i flying condition. ' ) , T
. . . : I
: ‘._'()nc of the most elusive relationships in technology, yet one of the most
“ - powertul. is the one between technology and knowledge. Knowlgdge about.
- technology and the ability. to use it is power and, in many circumstances, the
means to wealth, Commonly accepted""ﬁnowlcdgc",bascd on technology can’
changé social institutions and the further growth of technology. Knowledge
and. technology act together, each one spurring individuals to discover more
~ about both and cach shaping the way technology grows. Again and again in _
. -these programs we shall see accumulated bits and pieces of knowlédge come
together to produce a téchnological leap-that sets in motion a complex train of
further changes. . | -

»

.~ Commgn “knowledge'" and the growth of technology. Knowledge*about the
. .touchstone provided an impétusto”its use. And-the “kngwledge“«—.of the
., purity of gold— that the touchstone mude possilie increased trade and led to
" changes in the design of ships. o , o
" Barter is a particularly awkward way to transact business, Imagine each
ownervof a stall in the Alexandria market having to exchange tomatoes or
“« = pots ditectly for evergihing his or her family needed! N
. The touchstone made possible a common medium of exchange. Many*
items— for example. shells— were ysed for money before it appeared. But if |
~ various pieces Of."'money’"diffcr from onc‘anot_her‘and traders argue about’
the value of their money as well as the value of their goods, the business of
i business is uncertain 'ar;'d slow, Gold bullion probably existed before the
- o T touchstone came into use, but its ‘metal was ‘often adulterated. The touch- . ~
+ - Stoneswas a means of standardization thit was commonly accepted. It there-
7 fore provided the impetus to trade in goods arid knowledge that Burke uses *

f

l on the next step in his journey.

Knowledge and- power. As the technology of trade and commerce gfcw
.+ through the.centuries. so did the value of knowledge concerning it. Those
who possessed charts or knew how ta@se the sky tables possessed rare and
precious information., They possessed a “pood ™ that was as valuable or more

cL " ’ . : 0
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valuable thah the abjects they carried. They could sell their, knochdge Or use
it to otlier ends because knowledg,e coupled with the meags to use i, is
power. But power, of course, Teads to more than the simple accumulation of’
wealth. It means a special place m the social thl‘dI'Chy and, ultundtcly. the
“ability t0 rule. It also means the’ ability to de.stroy And both power and’
- destruction ghdngc the one who acts as well as the one.who is acted upon. The

LS

. impact of the name, the Enola” Gay, is not sxmply a result of the plane’s role in

droPpmb the first atomic bomb. The bomber is'a symbol of the great ques-
’tmm about the pses of tc.chnulog,y knowic.dge and their powertul effects on
“all of us. .

- The integration of Lnowledge and tec}maiog,y Thc desire for knowledge and

* the nccd for Lnowlqdbc in order to use technology are lllustm"tc at several
pomts in this program: the use ot the compass and the search for explan:itions
of its ‘inaccuracies; the trips in bglloons and up Ben Nevis to discover more

- about thg wuthu and Charles le.son s .mcmpt to~explam the “glory’ \he
saw+in the Scattish sky.

These examples, however, also lllustrdtc a factor in the Western (or Euro~
- pean) search for knowledge that has been of particular 1mportam.c in shaping

our tcchnology This is a desire for control over our environment or (if we
can't control it) the ability to predict accumtely what it will do. Rehabnhty, '

predictability, control—all form the underpinnings of Western technology.

But knowledge and technology do not always accompany ong another.
Prolemy’s star: tables were not coupled with maritime tcchnolugy until cen-
turies after he compiled them; the compass was used before the principleson
‘which it worked were tullv unde rstood. In this and in other programs, though,
we shall see that? in the mgjority of cases, when. a technological process was
used there was almost always someone who wanted to find out why it worked

as it did. The result was such an intermingling of science and technology that

it is dxtm.ulz for us, today to consider one without the other.

Technology and the economy. Another themc in *Death in the Morning™ is
*the double relationship that exists bgtwec:n technology and economic gam.a«
_ The touchstone, the lateen gail, the L()mpdbb and a,gcurate weather prediction
increased the ability to conduct trade-and commerce— and thus wealth— but

each was developed or “'discovered” in order to increase potential proﬁts

The interaction between technology and the profit motiye will appear, in one

form or another, in most-programs in this series and wﬂl be discussed at somq“ .

\Icngth in comnection with Program Five. -
‘ -

¢
i
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_ One. of the.most powerful tools (and the product of very advunu.d tech-

n0logy) to assess mtorm.mon and enhance’ knowledge is the computer. Its
. possible effects on our sodiety‘ean be s€en in several different ways. To
Hcrbcrt bxmon uuthur of the Reader s¢lection * What Computers Mean for
‘Man aryi Souuy {pp. 68-76), computers make information mero dcccmbic

It-concerns our peru:pnon%t ourselves and vur place in the universe. Imagine
living in the early sxxtctnth century and being told that the earth, whuh you
know iwflat budux }ou have tr.wclcd Sin.it, is really d sphere. The computc
may havg. a similar effect on all ot us betore long, as it is mcrc.wngy able ta
duphwtc tum.tl)ns of the human brain. o s :
Lewis Mumford, on the other hand, believes that Ihc avenues opc.md by’
computers lead towards ‘control by the few. In * ic All-Seeing Eye™ {rp-

-65-67), he argues that the knmagdé,e available thruugh technology will, by -

- means of tcghnology be used to shape not only the environment but most of
<us living in it. To both Mumford and Simen, knowledge —whether in the form
ot the ndvxsatlonal charts we saw in the program or of computer- prmt -outs—.

is. . power. The ku varmblc is in thc way it wﬂ\l be used dﬂd hks it wrll h

affect us. . : \

‘Marshall Mc
noldgy but adg8 a further dimension to the question f control. In his article
on: “Automatfon ™ (pp- L10-113), he contends that ur g_rm&mgablht) to

rt.gulutc wark-processes thmhgh technological mean$™will increase the dis- . |
: tance between modern men and women and the brutal, tedious lives of their
% ancestors. The question of the good lifé"” and tcchnology s impact on it will

" be presented by James Burke in a later television program; McLuhan's amde

is a prelude to that as well as an illustration of the ‘whys and where fd.res we '

“find in our search for knowledge and control:

- The systemic nature of technology will also continue to bc ilustrated
throug,hout this cotrse<as we meet ideas, pepple, and innovations over and _

qQver again in different contexts, Derek de Solla Prices in the third newspaper
Aarticle, Hm;’lcmbl) Technical!,” identifies developiments in what he tesms
“an aggravation of the elitism of knowledge skills,” which we shall encounter

in subsequefit pmgmm;‘ One is the Guhyg Revolution, caused: by the -

inyention: of movable type (Program Fou€and the second is the Sucntlm

Ruoluuon (parts of which will appear in most programs), The increasing: .

e
ard more casiiy used for the benefit of the gcncrdl pubhc But the: most ©
important question. he poses goes bcyond the “mechanics™ of ‘.umputer use.

han also sees “another-way of thinking™ in fnodcrn tech- .»
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Lakott, a pohmal scientist, bc.hcvcs the role of government in the ady anee-
“ment of technology is crucial. In the selection "Knowledge. Puwcr, and
- Social Purpose™ (pp. 68- 71)7 Lakotf ‘\r&,ugs‘thal we also need ai inereased -
: ' 'undcrstandmg of the relugionghip-of gwcmmcm and the growth of scientific
- N *knowlcdg_,c m order W prevent i lo\\ of control over how knowledge is used ¢ _‘

dnd dn .tbdanon]t the role-we, thc pcuplc play in! sh‘xpmé, our lives,
SN

Dlscumon Questions -

-

I. What was the xmpmt.mu of the touuhatonc ? S Y
: ‘ '

2. Simon states that ‘energy and mtormatxon are two basic Lurrgnﬁis of
~ organic and social systems. A new tuhnulog) that alters. the terms on .
which one or the other of these is available to a systcm ml-work on it the - .
most profound changes.” Find an illustration of this ‘statement in the '
tclumun program * Death in the Morning,” and cxplam your reasons for

K chousm& it.

-3 The rcason the horses wese unable to pull apart thc. two hemmphcres in
. - Guericke's experiment is based on a simple phsical prxm:plc Explain it
or figd an explanation of it. What w‘as its. sngmhcance in thc progmm’

i A‘ :
4. Find instances ot the ne&.d to regulafe or predlct envxronmcntdl events in -
. both the tdm‘xsmn prog,r.rms and “\E’ readings to date.

‘5 , ¢f are your. own tcelmgs about ¢ puttrs" im what ways do you relate

"+ to thém in your everyday’life? Start with the pockét caltuldtor .
‘. .‘ ' ‘.,‘ll N . ) Fa n»ay‘\- E
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"Distant Voices™ opens \mh Burkc carrying an innocuous suitcise. that is -

nudc sinister by its contents —u nuclear bomb. Its existence, Burke: tells us, is

as unbalﬁhung to the present military situation as another invention, the -

stirrup, was in its day. The camera pulls back to phow Burke in a green field,

" an abbey in the background. Thc hcld is Hastings, on the SOuthedstem Coast'

~ot ‘England, where William of Nogmandy (later known as the Canuemr)
‘defeated Harold, Saxon' King of England. in 1066.

In the famous Bayeux tapestry, celebralmg the Battle of Hastmgs, we see -
the. shu.ld and lance whose use depended on the stirrup. It .was this. dewcc, ’
accordmg 10" Burke, that gave the Normans the adwntage the result was .

a Lhdng,e in the rulers of England. A slp.w motnon scquencc illustrates this
-means ot fighting and its development after Hastings, In a medieval tourna-
ment, amidst jousting, eating.. laughing and ‘looking; the winner took all,
-including the opponent’s hore. This was,-at least until knighthood was made
~ hereditary, a ‘way to social respectability. But despite the circus-like atmos-:
phere, the local tournament was serious busmess dnd the kmght was a
“powerful and tnghtenmg war machine, :
~The kmght s supremacy ended in France'in 1415. On camera, Burke leans
over the black entombed hgure of the English King Henry V as he describes
the bloody encounter \wth the Frcnch it that year at the Battle of Agmcourt

S .On this sea of mud chrys Welsh archers 1oosed their drrows from a power-

" ful new weapon, the longbow, to bring down horses and men in a frenzy of

slaughter. The mmple longbow conquered the kmght and hw way of ﬁghtmg o

after some 300 years of power. . o
Three other inventions, dueloped before Agmwurt, were in the long fun

to bring about the demise of the longbow. Hand- -painted Mummatmns of -
plowmg sowing, and threshing introduce this segment of the program,. The_ :

first 1mcntxon was the moldboard plow. Maneuvenng a medieval wood plow
' thh its vemcal kmﬁc Burke plows up.the field of Agméourt The next two

7
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mvcnnuns WeTex thc horse’ Lulld.r SO thc ammal Lould pull thc plow wnthout
dwkmg,, and the horseshoe. ‘A blacksmith taps a shoe on a horse’s hoof as

Burke explains the role horseshoes playc.d in tmnsportmg the new surplus of

food that resulted from better plom and crop rotation. Peopte now had money -
10 spend on weekly fairs and markets w1th their baths, Amuscments ~goods,”.
“medical care, and ather mvcnuom——-dnd they didn't pmcm.c the longbow. .
‘The King tried to ban these leisure actmti;s but a_new way of killing pcople
- appeared inthe nick of time. N '

Burke continues his story from a pig sty. The pigs’ m,dnure and urine

.,_41

=

formed-a basic ingredient for gunpowder. The picture cuts to China where
gunpowder was used for fireworks i rchg,wus rituals, xllustmtcd by a swirling

dragon and praying yrls. Burkg walks into the temple to talk of the reasons

 the Chinese invented so much yet used so little for change. This spran&, he

asserts, from two sources: from the Chinese vxew of life; and from the fixed

society and burcduuragy that were a resalt of the need tG admlmster the

. ancient, complex, ifrigation system. . o 4
. It took a somewhat more open system, such as that which existed in the- ,
' -Wcst rcsponswe to the profit motive, to do things like put gunpowder in a -

bell and ‘make a casnon.: As explosions' take place, we move from the bells
and a bell-foundry to a small medieval town in Jtaly where the first cannons

were used, then to a town in the forests and mountdms of Czechoslovakia -

where silver was mined to finance them. s
“The problem of raising water out of mines such as those brmgaBurkc tothe
next invention, Puzzled as to why water couldn’t be lifted more than 32 feet,

someone wrote to the eminent scientist Galileo, who wrote to. his assistant,

Totricelli, who wrate to his colleagué Ricci, who sent the letter to France.

“Burke, in a modern yellow French postal van, explams the lmportam.c of

communications in putting pieces together and getting them 10 the inventor
and math;manuan Blaise Pascal. Pascal used mercury to make a small
model of the water pump. Then—the pxcture« tilts and the van crawls up &be
screen— his brother-in-law went.up a moun@m to test atmosphenc pressyre
at different altitudes. Buike repcats the test\xllustratmg the creation of the

- barometer. —— L S e

- There are many ways to go fmm this pomt Burke decxdus ‘to follow
communication. Hg. lcads us to a Frenchman carrying a barometer afﬂ.cted by
electricity, through a series of interesting (often smy) expenmcnts ‘with
electricity. 1o a succession of othcr nmportant dev;.lopments including the

demonstration of the link between elcctnuty and magnetism. These came
. together in the late nineteenth century. Electricity created a magnetic field
" -that could-pe used to transmit vibrations from sound along a wire. The result .

was the telephone, “invented " (because of a head start to the patent office)
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by 'Alc‘xandé“r Graham Bell. Today we  hav complex telemmﬁphimtion

" T systems-such 'ds the one Burké shows us in Puerto Rico ihat}\cnable’ us to

“ .

. DN - ‘ . RS
.. communicate with the rest of the universe. - .

N ¢ . . . [ A
. The land Burke plows as he talks abgut'agriémtﬁral developments is the battle-
field of Agincourt, The plow was specialiy reconstructed for this sequénce but
Qmé“ﬁr{ifagts in the program are originals. The sword Burke holds in-‘West- A 3
minster Abbey, for example, was Henry V's, and the embroidered pictures
depicting stirrups and lances are from the Bayeux Tapestry in northwestern s
- France. The tournament and market scenes.were both recreated for the series,
" the '{irst at Ludlow Castle in England (where- Mark Wing-Davey delivers the
- Crispin’s Day speech frany Shakespeare's Henry V'), and the latter at Grand-
son, Switzerland. Qther locations for thisprogram include Taiwan; Brittany, -
France; Ciﬁdak edel Friuli, Italy; Jachymov, Czechoslovakia; and Puy-de- .
Dome, France. The ﬁn;u sequence was filmed on location in Arécibo, Puerto
o RICO K ‘ . : ‘ .'
Themes . =~~~ . | o
“ « Culture, sociery, and technology, A majo'rthemethroﬁghout“‘Dis'tam Voices™ .
is the Mtifr'action between culture and society, on the one -hand; and tech- '/
. nology ‘on the other. Some portions of the program iraply that the develop-
* . ment of technology depends upon the culture and society in which it occurs,
n . ) ‘Othe,rs_point out technological changes that determined the shape of sociéty. | -5
-, Perliaps the only possible conclusion is that the two interact, and that the
- question of which is the dominant factor depends on many other things. |
~ Much of the program shows the impact of technology on society. The use of .
' the stirrupand laince and the rise of the knight with his expensive horse and
- dquipment put war into the hands'of an elite class. The distance bdtween a
man oh a horse and one on foot, after all, is more thanthe few feet of height
given the rider. It is a distance created by the territory the horse, can cover, by N
.. the cost af the agimal, and by the psychological advantage given a riderina ~— ~ "
-7 'world where horses are the fastest and most powerful form of transportation.
All of these things helped restructure society and the culture that accompanied

o

r

-, N .

e —— - ———

N

- itin the twelfth and thirteenth centuries. . - N
About the same time, other far-teaching changes had been set in motion by
~ the invention of the moldboard plow, the hgrse coflar, the horseshoe, and the
_three-field system of crop rotation. It took longer for their effects to become
cumulative, but the éhanges they wrought were longer lived than the knight
and his world < the creation of an agricultural surplus, the growth of markets, -

‘- - o
< o,

.
o<l
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a rise in the sx.mdard of living of many peoplc and a conchucnt growth in
commerce and’ Lommumo.dtmns. : "
_ The imBortance of the impact of culture dnd society on tcs.hnolo;,y lS‘ moSt .
. ’ obvxuus in the Chinese sequence. Burke u:cs the invention of gunpowder as -
| d sprm;,buard to ask why the (hmese invented so much. The Taoists, he
answers, were interested in digcovering order in.the universe and thergfore,
~ . spent time m\es'nbatmb it. . Why then, he wmmue\s\ didn’t the Chmcsc put
| . -their inventions to pmuu,al use? Burke offers two reasons: One is that the®
. (hmc.sc were prone to regard the universe as‘fixed rather than changeable
. ~ The environment was a gncn to be lived in, rather than a tool to be altered
- and used. The second reason sprang from the Beeat irrigation systems of the
. Chinese-river- plains. These required an admnmstranvc burcauu‘u.) lhdt
P dammed the flow of social change. . _ ' :
Another set of reasons appears in later programs Thcy have to do with’

.y attitudes mward certain kKinds of work. - y .
| In Chinese sucnety. as in most European societies, hard m‘mual labor was
‘ - reserved as much as possible for the lower classes. The Chinese, however, K

» were more rigid than the Europeans in maintaining class distinctions. The
~ result was that the pc.opie who thought about things and the people who used
them ph)su.ally were different. The impetus to **make things a little easier”
: and to “"make thmgs a little more. efhuent" never took hold in the same way it
v -didin the West. .’ oy .
o The cumulative result was a society that pursued many areas of mquxry but
appht,d few of them to practical matters, China was not unique. Many otper
- Asian societies were similar, and we will see in." The Long Chain" that some
" of the same arguments can be used to explain the difference between Ameri-

~can or British and German inventiveness in the nineteenth century.»

-~

_n

War and techrwlogy In the West, war was a tremcndous impetus to the
development of technology and changes - in the social structure, We see
several examples in “Distant Voices™: the use of gunpowder in cannon; the
tormanon of a new soual class through the use of the lange dnd horse. The
rcupro«al influgnce, of society on war, is demonstrated by the longbow’s -
s - = demise. These are themes that will ru.ur again, most specifically in Programs
Exght and Nine, and thdt will be discussed in Chdpter Eight of Connectzorxs

i

Readiags : R - .

e gpter Thn.e in James Burkcs book Connections Correspunds to this %
program: : e
' Four articles in 1hc book of readmgs Technology and Change, deal dmutly;'
N with the mtc.mcnon of culture and technology. Robert chibroner in Do

F
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Maghmcs M.xkc Hmtor}'?" (pp 145~ 153); and Willium F. Ogburn, in " Tech-

o o Dlslut\’ 1. 21

nology as' Emlr.onmcm" {(pp. 134-160), both believe that, with u:rtam
qualifications, 'tcmnolqw' doé$ shape society. George H. Daniels, on the

‘other hand, argues in.” chhnolog.lcal Change and Social Change" (pp. 161-

167) that social needs shape tgchnoluyul mnb\atxom In the next drticle

. (pp-168-174), John A. Hostetler describes the interaction of technology and

society in a particular instancg, the” Amish, whosc: values kept them from
aduptmb modern technology. : -

" The selection by Clirence. Cxlddun Naturc and Culture .in. Western *
'lﬁought” (pp. 121<125), presents the European i lmagc of man’s place in the
universe. It is 4 central and an mstrumgntal spot One asput of this is that the
environmient sh:&pu culture but hum.ms in turn, shape’the environment.to-
their ends. More- central to our purposes, pcrhaps is that-the importance of
man_in relation to other bungs and objects is greater in Western thought than

“in many other cultures. Man is not a part of.an mtru.‘;tc: whole, occupying a

space abdut equatto his size: He | lb of more consequence than anything else.
The reaSon for being revolves around him and he, thcrcfore is'empowered to

«chanige the rest of%he world to suit his.ends.

This image of man is. reduced by Jacques Ellf, whose view in “The

- Technological Order™ (pp. 13-20) is that society is irrevocably shdped by
- technology. It s hard to imagine Ellul saying there was dny time when .

tcchnnlog ‘had no ctfect on society, but in today’s world, technalogy has
taken %01 of us. Nathfxn Rosenbgr;, on the other hand, sees technolggy as
heavily”influenced by both souety and resources., In ¢ I‘echnology and Re-

_sofzce Endowment™ (pp. 126<129), he’states that *. . resources gstablish
. thé particular framework of problems, of constraints, and opportunities, to

which tcahnologlul change is the occasional human response. . .. Techno-
logical change ... ‘does not occur in the abstract but rather in very specific

4

historical contexts. It occurs, that i is; as a successtul solulwn toa pdrmular

problgm thrown up in a particular resource wntext " ) .
Y‘ou might also want to read Lynn White, jr.'s afticle. “The Act of Inven—

tion” (pp. 382-383). He presents an account ot the snrrup and l.mce that

- varies slightly from Burke's. . . - .

Two of the newspdper articles for the course relate closely to this program '
The second article. “Silent Revolutions™ by Peter F. Drucker, describes the
influence ut teuhnolob\ first on the role of women, then on the ancient

- 'Egyptian socxet\ we saw in the first television | program. Drucker argues that

- eehnology and society change together, and the ways in which they change

must be compatible or change wi not occur. Like James Burke. he uses
China as an example ‘of an dllt:l‘ndl(, mode of approaching the environment

- and change.

&
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Somewhat akin to Drucker, Edwin T. Layton,-Jr.. ‘argues in the sikth

newspaper articie, “The Influence of bouetul Values:™ that “there is no..
inevitable cause- -and-effect relationship between technolog,lcal and socul

Discuss_iim()ues;inns PR | e
.- L

- change.” S e .

Do Burke’s views in the program Distant Voices™ corre‘spond more
closely with those ot Heilbroner or. Daniels? Explam your responsc ‘4

(Jl.zcken s Rcadcr sglection prcscms three xdeas tha: he believes, have.
influenced Western thought and culture from ancient times to the present
Do you agree with him? How do they fit 'with Burke's—or another
source’s— view of Chinese culture and cxv:hzauon - L

’- . ‘/ .
A ;cicvtsxon progtam often xmposes on events a Imear seque,ncefﬁxét, .
second, third, fourth—that doesn't, in fact, exist. Construct a.simple

timeline for this program, based on your tecollections; then compare it

' ,wnth the Time Chart on pp. 61-64 of thls Viewer's Gulde -

-
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. Faith in Numbers
Program Summary S .

Kneeling in weeds against a stone wau,.Burkcslcxplains how satellites and
computers can pihpoint a location anyplace on earth, He checks the longitude
and latitude numbers he is given by the computer on a map and stands up. He
. is at the site identified through the satellite—the Barbegal Aqueduct in
- France. o S ‘ 3
- Our world is held together by the kinds of organization and communication
demonstrated by the satellite and computer.. " But what will that organiza-
tional network do to us next?"” Burke asks. Perhaps, he says, we can learn
from the Roman Empire because a vast, highly organized network of com-
munications held a world together before, and then collapsed.. |
In the Middle Ages, the one organization that functioned internationally
was the Church. Through its communication system the knowledge lost as a
result of the fall of Rome gradually spread again. Part of this knowledge was
an understanding of how water mills and their gearing systems worked. Burke
shows us a wooden model of a wheel which powers, in turn, a grinding
. mechanism, a trip hammer for a suctidn pump, a bellows, and a crank for a
~sawmill. These systems and water power led to a **Medieval Industrial Révo-
lution"—a spurt of productive activity occurring between the tenth and-
.fourteenth centuries. - ” R ‘
This revolution was led by monks. The Cistercians with their white robes
.and black hoods glorified work. They cliopped wood, hoed. made wine,
- herded sheep, and told one another across Europe how they did it. Sheep-
rearing may have been their biggest success, and the wool they produced
could be made into cloth for all Europe. But they nceded a more efficient
loom and a spinning wheel to provide it with yarn. Both came from China in -
- the fourteenth century. ‘ : : ,
- Banners and the stone buildings of Bruges provide a backdrop for.a pro-
- cession of medieval guilds. The city was made rich by cloth. The whole world
 traded its goods for the woolens of Flanders, .
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L. Mu&h of the trading - -was done at the Champagne f.iu’s in the South of
~'France. The fairs were supported by 5ovcrnmcnts by thn. merchants and, in
Can lmport.mt -dc.vulopmc.nt . by the new inyestment contracts that -allowed
L Stgy- at-homes to.parmibatg in the benetits of trade. Commerce flourished.
¢ But the faiss-god thei trade s avere destroyed in the mid- fourtu;,nth century
- by an invisible enemy. Scenes of the busy mudxcml Qurkct 5we way to a
deserted’lane. rain, and detd rats floating in a gutter. A solitary man with a
horse cart-paints crosses on doors to mark the Black Death. Half the popula-
tion of Europe fell victim to the bubonic plague.
Amidst all the grimness, however, was one brighter note: when the Blaek
- Death receded a few years later, most of the property .was left to fewer
_people. Their race to§ grab the best of life meant a demand for new luxuries.
Om. of these was lingn bedding and linen underwear, used for the first txmc,
by common folk. \

- Linen ucntuall) wore out, and thg vast quantity ot used linen started a new
industry— papermaking. Now there was an abundance of paper but, because
of the, Black Death, a  shortage of scribes. The imbalance was set right by the
ptigting press, which used movable type made in a mald by Johann Guten-
‘berd Burke demonstrates how molten lead i is carefully poured into molds,
scts, ‘and is removed. The German A" he lifts out symbolizes the bcgmmng

~ of one of the most.profound revolutions in human hlstory : _
. The knowledge made availablé ;hrough pnntmg spn.ad with'the help of a
+ . Venetian, Aldus Manutius. This printer made the world’s first pocket editions -
~ and brought ancient kngwiedge to the Renaissance. The Greek and Roman
knowledge showed up in many ways, mc,ludmg fountams and automated toys.
But automatic mechanical devices were also put to more practical use, such as
looms for textiles with new Chm“'Le patterns. Boys pulling strings an the
" looms were replaced by punched urds that set off the right combinations of
threads at the right times. It was a principle that was ongmally adapted from
thc cam we saw at the beginning of the program.
The same 'prmaple was applied in other areas, such as the nvctmg machines
used in shipbuilding. These ships transported packed masses of nineteenth-
L ;cmury immigrinots to the United Stdtes. Burke paces the empty mmdoxs,
and walkways of Ellis Island in New York hatbor and talks about the prob-
" lems such numbers posed for the U.S. census. How do you ¢ount them?
By 1890, the question was answered— by punching information on cards
_ « adapted from the ones used in looms and shipbuilding. That information was
'+ then recorded and sorted mechanically. Do’ the cards look familiar? They
should. Similar cards, working on, the same principle, are now used on the
m\c:nuon that runs the. .modern world— the computer
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Program Background
<. Faith in Numbgrs™ was filmed on location throughout Europe. The succes-
‘ sion of waterghegls camg from Englind, Wales, France, and Switzerland,
‘The Champigne Fairgvas recreated in Troyes, France, and the old townthere
was also the scene of the'Black Death sequence. The Cistercian Abbey sceney
were actually from two mornasteries, the Casamari Abbey in Italy and.Clos- .
. .~ Vougeot Chateau in France. Although the procession of medieval guilds is
‘\_) ~ held annaally in Bruges, Belgium, the demonstration of the horizontal loom
T and the spinning ‘wheel was filmed in St. Luc, Switzerland, E .
The playtul uses of mechanical power—the tortoise and the water-
fountained dining room—are from the Palazzo Doria in Rome. and ‘the
Hellbrun Castle in Salzburg. Tl_xé Jacquard looms are actually located in a =
taetory in Lyon, France. Another working “antique™ that\BUrke demons -

strates is the original Hollerith tabulator used on Ellis Island th‘\t is now in the
IBM archives in a New York City suburb. -~ g . N
Themeé .

Technology and work: han a thing else, perhaps, techhol_ogy is
related to work. This tact is wgvci} throg\‘g-thc Sio”r.y of Program Four, “Faith
_in Numbers.” and will be taken' up agal® in Progtam Five. N
* The theme of work begins in the fields and redfectories of the Cistercian
monks. Work with the hands was a part of their"‘lives, in tandem with the
study and contemplation more usually associated with monasteries. Through
- this combination, the monks developed new ways of farming and production.’
~ And through the network of communication formed’ by the Church, they”
made their discoveries known. St. Benedict's rule—*to work is 10 pray"—
destroyed the traditional division’ between labor and thought and.in the
~ process gave to work nobility and meaning that has remained with us to
thisday. - T e :

But the wark was not valued simply ‘in‘itSelf.'It wa§ also valued for its
products— the cloth that, people wore, the wine they drank, the boaks from -1

' which they read. The two things together, a belief in the dignity and tpspira- .

-~ _tion-of work and adesire on the part #f most people for the products of that
- labor, led to the cumulative growth i[:he interaction of work and technology
that Burke calls the Médieval Industrial Rcvolutiénv. : . : ﬂ'

The history of work and technology has been, by and large, a move, away
from the reliance on unaided human strength as a source of powtﬁ&)me- |
times. as with the early Cistercians and the society of their time, the move was -

largely to an alternate source of power. Far better to build a mill powered by
water than to pound cloth and grind grain by. hand. But it i also possible to

Y . : . x
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' increase the bcn;m; derived tram a given source of poir without h’avi'ngqto .
mgrc.uc the po)n.r itself. If, for instance, power comes from human action,
s youy Lan cither increase that person’s skill and, thesefore, his efticiency, or
%uxld a machine that augments the force exerted. The Toot treadle loom and
o spinninyg wheel shown in the program are such machines. They took no more
. puwer thart the old looms‘and spindles, butthey transiated it differently. The
. résult wasa lot more doth and an c.mcr time makm;_, xt-—«zﬁyou were a akmad
o ’Q pcrdtor Eh L L *
e -in other cases igchnol%\ does not simply maku Wwork more efficient or
‘ 'umr It changes it «.omph,u,l} The transition from sciibe to printing press,
; ’.ss dumon:tmtgd in the program, is an excellent example. The labor of the
men-who set type and operated the new prmtmh, press was dtffcreng\\n kind
- and qu.mty from the labor of:a scribe. A scribe might bc hesitant to gecept a
~“press operator :_dob/y,et dc.hg,h,ted to be able to buy a cheap prmtc.d book—
illustrating the complexity of reactions this kind of change can Cause.
Another kind of change in wark. gdused by tcchnology can-be unemploy-
ment. The Jdcquard type of loom wasn't used until years after its discovéry
for many of the same reasons automatmn 1 rulsted tod&y by workers who are
afraid'of losing their jobs , :
This program presents several of thehctors that bring about dcveiopmcnts
: ~in labor-saving technology. Theinfluence ‘wrought by the combination of
"+ labor and thought of the Cistefcians was powerﬁul A demand for more*ind
o “better cloth brought successive developments in the loom— but so did the .
' _introduétion of technology from outside, whether * ‘outside ™ was Ching or an
organ loft, An abundance of ong, commodlty«—Such as paper—and a short-
age in ‘uomplem;nmr\ commodRy —such as scribes— resulted once again in
- technological® change. And, finalljthe need for a new kind of job to be.
performed brings . Lhdngcs -When cﬁzrds were made to count the growmg-
mullions of a young wuntrv, thcy set/in motlon a train of further events that
' cdntinues mda} . ~ A '
¢ Readings T -‘ ' ’

~ James Burke provuic.s dctalk,d illustrations of mllls l6oms, and.the pnntmg
press in Chapter Four of the Connect:ons book that may clanfy some of the -
material in the television program. - '
The four selections on pages 92-113 of thc Courses by Ncwspaper Reader
ard pdmCul.uly applicable to this program. Lynn White, jr., discusses the
~ Benedictines and Cistercians in his essay, Dynamo and Virgin Recon-
sidered.” He sees much of the progress during the Middle Ages as a result of
- their influence and of the fact that labor was now being performed by free
- men rather than slaves, Whu; also talks about the development of the water ,
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wheel, adding some information to the facty provxdul by Jujmes Burke.

The next three articles in the Reader deal with the ‘Ibgfcal outcomes of

dpplyms technology tawork. What does qupc*n In* Su::ntmc Manabement
-and the Assembly me Rut{*}t—ﬂ Guest de:cnbcs what dccurred when

_Frederick Taylor began to look @ pcoplc/ hé wa&‘ peop}z. had already looked

"at machines—a conu,pt that will be further xilustrated m“Pru&ram Five,
Guest believes there is merit in Taylor” $ dpproacm dlthuugh it $¥ould not be

carried to extremes. The npxt sclection, ** Worker Alienation,™ prcsents some . °

workers' attitudes towards wbs that, bc.causc of ¢echnology, &wrce them
from pride in their work. The‘ two other selectiofis on this subjc.ct in the
Reader illustrate varying puupnons of the impact of {technology .on work.

Siegtried Giedion deScribes the very real ettects of the small electric motor in «

lightening the physical load 0t housewives i in “Engmeer;ng the Househbld” -

(pp-273-275). Ru Schwartz Cowan, in “’l’he Industnai'Rwolutxun in the
“Home" (pp. 776—,.&:..) does not dispute thx,s change. but she believes mat the

middle-class hous;wntc actually spends mare hours completing her. ‘duues’f

-now than she did- bctorc these **labor-saving ™ devices appedred. Cowan

argues that more ctutlcs wcrc ddded as the housewife's mmal dutu.s- became . -

lighter. S Y.
. The growth of the modern tactu-ry systgm and the effects,on workers are

described ¥ithe fou.rth newspaper rticle, * Oqéupatxonal Destinjes” by loseph

Ls
- Gies, Keep this account in mind as you nc.\y the Rext **Connections™ program
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Dlscussmn (&suons

-

I Xdcnuty instanges of labor suving tt.chnology xq ngmm Fbur dnd dxscuss'

them in terms

ut thg .mu.les on'workerkahenatlon and'automauon in the
Rcade as

ro

. Lynn Whité's drticle prcsents the hypothesxs that the dedie Ages Jooked. .

toeboth the Virgin dnd the Dynamo for their inspiration. Does the ti‘e.n..

mcnt of :hxs pemxt in *Faith in Numbers" support his thesls" e

‘o

What wiis th; lmp{)rt.mcc ot the cam? How dld it opcrate dnd '%vhdt
_¢xamples or its usg dfg prgg:mcd thmughou.u.h: lr.lmmon pmgmms"
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.

A Lomputcr Lard ended the last program and begms thxs one. James Burke
draws it back from the umcra to state, “*Computers contain the future Within
‘them.” The title of the program gives way to a gracefully rotatmg piece of
machmery. moving in time to a Viennese waltz. ‘N
_ The computer Burke shows us runs the plamtdnum in Rochester Y.,
« which can reproducg avens from the beginning of time to the furthest
~ reaches of our i agmatxons. is the culmination of a process begun over
E 3,000 years ago ag pnesttastron‘omers watched the moon to tell farmers when
to plant their crops. . o - 3 , :
7 By approximgtely S00 B.C. star-gazers had identified the twelve constella- -
' . tions that turn ¢n the screen as Burke names the houses: of the zodiac. By the
second century A D. astronomers wereable to produce material like Ptolemy's
~ star tables, to which Burke introduced us in Ptogram Two. This time weifind
v them bemg used in the Arab world.
- The Arab universe was composed of seven crystal spheres, and the. Arabs
k.drm.d to predict where, in those spheres, stars and planets would be at any.
given timé. The astrolabe, which they invented to do it, was vital because it
- told them the direction of Mecca and what time xt was so they would know
‘when to pray. : ;
‘ ..~ But such predictions un also be apphed to astrology and through astrol E
. _ogy.to medicine. When the Cahphndeghdad was sick in the eighth century
~A.D., the monks of Jundi Shahpur, where Ptolemy’s tables werapreserved,
- came to cure him, The monks brought a treasure of Greek knowledge and the
»  Arabs took it with them as Islam surged across Africa-and Asia into Europe.
| Medicine as well as astronomy was popular with the Europeans, and by the
“thirteenth century both led to scientific investigation. Illuminated manuséripts
on the screeh dissolve into a tribunal of monks listening to a Latin dialogue on
faith and reason. The response of the church to scientific inquiry was the
Inquisiton, although it found some: of the new knowledge useful. Christians,

~8
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-+ Jdike Muslims, needed to know the correct time to pray. They had sun dials
- and candles, but sun dials didn't work in cloudy weather and candles were
expensive. Even water clocks froze in winter. Not until a twelfth-century
. invéntion that got rid of water and used weights was the problem solved. The .
teeth of gears click past a metal block as Burke describes the verge and foliot
system that told people when to pray and when to work, ~ +., ‘
Other developments soon followed. Springs and their régulation by the
“tusee were the beginnings of the small watch made in the metal-working town
of Nuremberg, Germany, But clocks still were not accurate enough for astron-.
- omers. Galileo, who discovered Jupiter’s moons with the telescope, was the
source of the answer to the astmmmcrs“problgm when he wrote about the
pendulum. Pendulums regulated clocks more accuratgly. than anything had
before for everyone but sailors. Can you imagine a pendulum on a tossing
; Ship‘.’ M , . ' . -
- Navigating cast and west across the globe  requires measurement of both
the heavens and the time. We see the globe spin and dissolve.into a plane-
tarium, then the camera descends to show Burke, seated in a glass-making
furnace.in Shefficld. The glass furnace provided a méans to heat steel to the .-
melting point, and in eighteenth-century England this inspired another step in
‘the measurement of time and distance. A good seitant needs accurate scales,
and the “fine steel from the new refineries was used to make a screw that
« regulated measurement and marking. But more than a sextant came fgom this
-, process. The first machine tool had been made. Shots of ships and pulleys,
i then of a dusty factory illustrate Burke's explanatjof that machinS could now
do some of the operations that people used to do. Organized in a slightly
ditferent manner, a combination of these operations gave birth to the assem-
bly line. ‘ S L
In.the nineteenth cenmry. the Amcricax\s took this idea and added a French
one— interchangeable parts—to it. The sifie Burk®holds is a product. and
example of both processes—the assembly fine used machines that did skilled
work rather than people; it produced identical, interchangeable parts.

. The-result? American industry bo;}mcd. Evcrything seemed perfect except
people, and two psychologists set ihemselycs to systematige them. The time
and motion studies done by the Gilbreths as shown in an old film completed

’ the development of the modern production dine. . R
- But what huppctg.'d to i'ndividuality‘,_Burkc queries, as the progrim cmjs.

'P'l"i)grém} Background ; .

In whdt;;nay' be a “first™ for televigion, the water clock in “The Wheel of
~ Fortune™ was specially reconstructed from the disections orw- fragment of
manuscript discovered-in the Pyrenees. Also specially reconstructed for this

v
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. program ts the mechanical model of tho. universe
“the Arabs’ use of -astronomy. ’

“final sequence is located in Richmond,

. “
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ith which Burke explains
Other sequences in the program ‘are filmed 1 location /br use original
artifacts. For cxamplc the debate about faith agd, knowledge was filmed in
the Casamari Abbey in ltaly, althoubh the words/ t the debate were recreated
for this program. The clock sequences are fro }hc Strasbourg Cathedral in
France. The glassmaking cone, the Latchtfe one, is in Sheffield, England, -

and Jesse Ramsden’s = dividing engine™ is in ghé Science Museum in London,
The blocks and pulleys used to demonstrate yh’c necd for mass production are
on the H.M.S. Victory, anchored in Portyhouth, England, which is also the
location of the block mills that house the Sriginal machinery used in Maudslay |
and Brunel's production line. The filmyfof the Gilbreths' experiment is from
the archives of the Gilbreth l:,st.m., ile the modcrn production lme i the
, eré,mm ‘ '

/

Themes -

/

Of money and time. For more than 100 years now, , the theory of economxc
determinism has been popular. That is, along with Marx, many of us, muc.h of

. the time, have*believed that our/nud for money and the things we do to get it

have governed the way we live pnd the course of history. Program Five, * The -

Wheel of Fortune,™is a good base trom which to explore that view as it is |

related to technology. ‘ - DT
" Which comes first, the development of a technology or the need ta use it

_Burh. might answer that technology does develop, independent of a need to -
_‘u& it, but that it won't be used wxdt.ly until the need appears.

"Why? Well, why should 1 spend time makmg a telescope if 1, pusonally,
have no use for it, or if no one else willpay me for it? Why should I invent a

“better way to make steel if there were no need, or no market for it among
_those who make. springs for clocks? Man and the products of his imagination,”.,

it could B argued, are shaped by a profifmotive. Look at the assembly lines
The goal Was purely economic: to increase th:: ease and efhcnency of produc-
tion and to produce goods in large qu.mtmes

On the other hand. although a need may exist, the combmatnon of factors‘

- that provide its resolution may have nothing to do with economics. Apd-the .,

profit motive, no matter how strunb. may not be enough by itself to bring -
about innovation. In the same example, Burke states that Huntsman's im-

“provements in steel-making were the result of a number of things, the most -
.important being the place he happened to live. Because Huntsman was able

to observe the use of clay to line the Sheffield furnaces, he was able to adapt
that principle to melting steel. . :
Thc.rc is prubably no final answer about the exact role of the egonomxc
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impetus to technological developgient; it may be that judgments have to be
- made on a case-by-case basis. In any ¢vent, those judgments must be placed
in 4 context with other facto\rs.‘inc'luding the reciprocal influence of technal-
.ofy on economic development, “The Wheel of Fortune” raises the issue of
the impact of assembly-line production, and we have scen other examples,
most notably in Program Two.  Ad_both these questiqﬁs-‘r“ls,technology :
governed by economics?* and **What'is the ‘role of technological change in
cgononi growth? "—are something to consider in coming programs. ,
, Another conundrum is time. The heaveng govern time and time governs us,
. Or.does it? L ' . R _ v
The use of an observatory-gnd the Muslim firmament as an introduction to -
the inventjion of clocks was no accidgent. As Burke points out, the injit‘ial.‘
observations of the sky werg by priest-astronomers whi needed to tell farmers
when to plant. The thythm of movement in that sky gives shape to thé seasons
~ of our lives: - .
- According to Burkes religious needs initially made_ the definition of time
“periods important. The Arabs perfected the astrolabe to identify the direction
of Mecea, the Muslims® holy'city, and the hours at which to pray, which are set
in reterence to sunrise And sunset rather than in measured divisions of the -
. sum of day and night. The astrolube. which told the date and the angle be-
~ tween the horizon and a celestial body, was uniquely suit.cd to this need.
The concept of dividing -the day into equal periods was known to the
Muslims, of cours&. but it was the Christians who regularized xhos‘e*beriods
- and made them the basis of activity. This occurred over-a number of centuries
~and, as it was done, it produced many results. o
One result was the application of time to daily life. The ability to 'méa.sure
. time :resulted in the, measurement of more things than, perhaps, had been
. .anticipated. These included, thost particulatly. work. As the change from
meastring labor in terms of tasks completed to measuring it in terms of hours
spent spread. so did a transition from subjective time (how long you think it
»  takes to do something) to objective time (what the clock says). ‘
> - - The culmination of one use of time is illustrated in the work of the
__ Gilbreths. In their system. time and motion. studies-change- more than-the
- charucter of work. They change our perception of the nature of the individual
deing it as well, : S | ‘ .- |

4

Readings - B : ‘ ¥ |
In Chapter Five of his book Connections, James Burke éxpiains some of the
more technical material on the television program. Note the différent ex-+
amples the téxt uses in its description of the development of the modern
*, factory in the United States. | , '
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“The effect of economic factors an the Industrial Revolution—that techno-
ogically rich period of time lmmudmtcly prugdmg and followmg the turn of.
the ninetecnth century when Britain became an industrial power—is dis- .

" cussed in the Reader, I‘echnoiogy and Change, by T. S. Ashton. dn his =
- sclutmn »The -Industrial Revolution™ (pp. 47-34), Ashton describes the = - .
ways in which social, legal, and demographic changes fostered investment and -
cconomic expansion. This expansion, in turn, provided 4 context for much of — ‘

~ the technological development we see in the "(onqutlons programs. -
~ Not all factors, of cQurse, are measurable. $Sme are attitudinal and philo-
sophicat. Hugo A Meier,'in " Technology and Democracy, 1800+ 1860 (pp-’
1-213y, dmmcs some of the attitudes Americans held toward technology
and gro“th during the ymrs of ycdt expansion in the carly nineteenth
u.ntun ‘ 4 M

The need for economic.investment to foster science and the Lonmbutxon of -
science and technology, in turn, to economic development are addressed by.
S. Husain Zaheer in “India’s Need for Adv‘mcgd Science and Te;hnology
(pp- 193-197). Jacob Schmookler, in a different. but not incompatible ap- :
preach, argues that “the incentive to make an invention, like the incentive to -
_produce iy other gaod. is affected by the excess of expected returns overy
expected costs,”™ His amclc is titled E:c.unumu Sources of lnvuntlve Activity”

(pp- 396-399). .

Two newspaper articles are parmularlv rclev.mt to thls prpgmm Gxes ]
~Occeupational Destinies > lh&tourth in the series, applies, as we noted inthe - .

last chapter. to this program as well as to Program Four. The ughth news-

paper article. ~ [ncentives for Innovation: Technology and the Economy™ by . .

Nathan Rosgnbt.rx, presents the rdduunshlp of technological innovation and
; capitalistinstitutions. In it Rosenberg also raises the concept of social costs to
" asociety that do not enter the calculations of an individual company or firm.

Clocks. which occupy.a major portion of " The Wheel of Fortune,” are also .
the subjegt of the Reader seléction by Carle M. Clpolla *Clocks and Cul- LI
ture”" (pp. 60-64). ln this excerpt, Cipolla gives more attention to the social ,
- context of clocks and time than Burke and less to the technology. His arti .
. _will be mlul.m;hn[xm; )gpr sense of the time period | Burkg has LOVCI’(‘ ___~

Y
- L.

Dlscus.swn Questpus

1. @ Imagine a modern wqrld without clocks, watches, or ways other than _
‘looking at the sky in order to tell time. Think of a day in your hfe in such a -
warld. After you spcnd somc tlme oy this, read part b.

b. What did you come up with? What types of individual response, what )
inefticiencies? Did you find yourself developing an alternate technology to-




~ . g ‘:‘.“";
o [
S ,f" ) P“
N o . . . -
- 'l\eWheelofFonm 13

tcu time? Did )ou feel it possible to fwve a "mudcrn world w:thout nmc-

:  pieces? ‘ R : v ? N
“ 2, Are you an * ecanomic d;tcrm:mat" dbout tc.chnolo),) ? Relate your views ¥
i

N tothe tclunsmn Programs you. have scx:n to date..

3. Do Burke .md L:pull.x have any tundamcnmk dwgrumcms about the~

.
N dcwlopmcnt and roic: ‘of clocks? Describe the argumcnts and thinking
of cach, s . . ) o . ‘ . .
[N ' ‘ S—f‘\ ) i
&
° -
. 4
14 . !
: . ‘ l .
N
- L « '
4\‘ -
- A
-y
< \ .
. ® -
4
" ; ’
|
Y ‘ i

T
Y
—r



B

™~

. PROGRAMSIX

Thunder in the Skies

Pro;\ram Summary .
OU;' world has imménsc varietj. ‘thanks to the roducuon line. But our hfe '
B glass-walled clevator in the chalshancc Center. Burke then stands bya
boiler in the basement of the Center and asks **What will happen if the cold
comes aguin?”" He looks down a tube; at the other endisafirein the Great Hall
of'a medieval Saxon manor house 1,000 years ago. A bard sits by it, chantmg
~tales of the outside \sorld to an audience of the lord and fady and ali the people
. Ofthe manor down to the lowest peasant, The fire warms everyone because the
lm,\ot the commumty. from eatmg to slcepmg to entertamment is carriedon
o mtu.;,ruatroom ‘ : |
\ s In\thc twelfth Lcntury medleval life changed. The weather grew cold and
e b snowx reached far into the growing seuson. By the thirteenth century Europe
was dyperiencing a mini-Ice Age. Snow and ice made warmth and its con-
seval ion more importani. The result? It is. embodxed in great houses like the - .
one we approach with Burke. ‘

H; rdwxck Hall way built in' 1597 yet looks rcmarkably modern. Burke leads
us to the new sources of comfort: a chimney, heating separate rooms ; upstan's
rugs Pn the floor, tapestries on the wall, buttons on the clothes; downstairs, a
kitchen with a new, automanc roastxng spit; outside, ﬂagstonewwalks to cover
the mud The division between the social classes had begun, and so had a lot

__of Pthtl‘ !hmgp-—mcludmg A_dnnmmlia: pmtacy, A&}uch uld’ now-be -

realized. .
'lhc house also had glass wmdows-—a great many of them. And to make .

tht.‘ glass that was now in wide demand, you needed a lot of charcoal, which
comes from wood. An ax, bmng into the new wood of a standing tree, marks
the felling of the great forests of England. Thc dcplenon of tl'us resourcd"
.meant another source of fuel was needed. :

.. Seme glassmakers tried moving operanons to the coIony at Tfimestown,
\r’ugmm, where sdnd needed in glassmakmg, and wood were readﬂy avag&

ot

A . ‘! -"« . 35 .
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able. BuI that ettort failed because of lack of sklllcd labor and the rigors of
supvival for the Englishmen in the new land. Brcakmé, glass signals the end of
-this experiment. Burke sits on a deserted ship as he tells us how the timber
Frisis was solved b)\a Rew way to makg glass and work iron, usmg 4 new
fuel, coal. - v L :

- The impetus to thcsc‘ new procc.sscs was the enosmous prom to be made.
wmboh;cd by e gold coins Burke sets before us, A metal-making boom

increased the use of coal and then, because it was cleaner and made purer

tron, coke. Water in coal mines like tlws: stretching out under the ocean off
the Cornish coast necessitated an engine to pump out water. Burke stands by .
Newcomen's great pump that depended on the vacuum formed by condensing
steam to draw a piston4nto a cylinder. With James Watt’s improvements and
. with the mtroductlon of machine-tooled cylinders, the industrial Revolution

{(gears, pulleys, engines, and row hOuses form a montage) was onits way. Life.

‘would never be the same. '

The next plue of Burke's story tdkcs him to Lake Como i northern ltaly.
The noxious gases of marshes along the lake’s edge gave Volta “inflammable
" air” in 1776. Burke lights methane above the water anli explains how Volta

. combined it with an electric spark to make an electric pistol. Burke connects

the' wire and, spark; the cork flies past us— the precursor of the spark plug.
. The use of electricify in this way worked better with gasoline, the by-
product of a fuel used to solve another energy shortage in the mid-nineteenth

century. When whale oil for lamps grew scarce, oil from the ground ‘in *

Pc.nns;l\ ania was used instead. The next scene is of a gracnous German spa
‘where Gottlich Dmmler and his friend found that igniting 'a mixture of-
- gasoline, made from oil, and air with A‘elccmc spark made it possible to
build light, movable engines. A succession of horseless carriages provides a
, background to Burke's explanation of the engine, ‘carburetor, and-ignition -
systems and brings the threads of his story together, :

- Daimler's engine didn't simply.go into cars. We approach an Austrian lake -
by plane. Here @ man named Kress experimented with a new contraption and
“an engine ordered trom Daimler’s factory. The experiment didn’t work
because the wrong engmc was sent. Kress was Killed. But his idea ewntuany"r
T was taken up by othc.rs Two ycars Iater in 1903 the anht brothers flew the

first airplg .

Progrm Baciground : L~
~*“Thunder in the Slues s particularly rich in |liustranng how the ways in
which people lived have changed over the centuries. Manorial life before the
twelfth century is recreated at Good Easter, a Saxon manor h9usc in hsscx )
ngland Hardw lck Hall— *"more glass than wall' —is located'in Derbyshlre

wy
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“Intellectual comfort™ was as Rard and pl.un as-physical comfort. There

*

and the various objects Butkc, uses, o dcmomtrdxc the ways in whxch life -

had ¢hanged all belong 1o the period.

Halfway through the program, Burke; ‘dbcussms money, sits aboard a.

rephicd of the Susan Constant, one of the ships that originally brought colo-

~nists to Jamestown. Jamestown itself is rebuilt on the original site of the

settlement and'is open to the public gn a regular basis. Finally, the panorama

of the carly days of motoring was mmc,d most appropmtcly, on Daimler-

strasse, in Stuttgart, Germany,

Themes . - .

\

Iecimalog& and 1!:8 way we live. Halfway t}rrough the Connc,cuons scries,

it may be time to take stock .of our’technological environment once more.”

This time let us c.onudcr mate rul comfort, resources, dnd their relationship to

- population, - ' ¥
Life on the manor >hm\n at the bcg,mmng of "Thunder in the Skies™ was -
hardly idyllic. The boys, sitting on the rafter, probably found it quite accept-

alile, but it is unh_kcl) that we would. The hall was drafty, the fire smoked.
The food was, by out standards, plain and uninspired. The bread that formed
the mainstay of the diet probably tasted of mold much of the. time. or that
special mustiness that comes from weevils in the flour. ‘Wearing clothes

- without buttons is muonumcnt at best, and manual labor from dawn to dark

o ke ou: a subslstcmc living is usually inspiring only w those who don’t

¢

was music, if someone stopped jnror if you could make it yourself. The music

was himited to voices and a few instruments, and to the tradition that you -

knew. Books were almost nonexistent, which didn't matter a great deal
Because few people knew how to read. Contacts with others were similarly

tew traveling minstrels like the one in the program must.have been a real

treat for people who seldom ventured much beyond the manor. Historians
Jhave estimated that a peasart in Normandy m the tenth century—not far
removed from th®time and place of our manor “halt—might see only two ar

puh.nps ) words— was as circumscribed as his world. _
-Life in the towns, of course, was different. You were more likely to die
there of discase — but you might have more fun before it happened. .

- The changes in hife style since this time may not all be attributed to tech-
nology, hut they could not have occurred without technology. And these
. changes atf\,ct more than the immediate comforts.of our days. Burke points

}out that cwn our physical characteristics hd\e changed. He refers to the

‘three _hs.&i(gd people in his entire- life. And that peasdnt’s vocabulary—

mixing of hereditary characteristics that occurred with the advent of railroads
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"in the nincteenth century; most of us h.wc scen furniture and armor from
centuries past, all made for people much smaller than we are. We live longer
than our ancestors and, perhaps, do not need to be as hardy to sl‘rvwc

Burke identifics on¢ of the sources of change, however, that has not been

‘utcutcd by technology—it has been, instead, a moving force behind techno-

fbbxul development: The weather shapes the way all peoples live, including
ourselves. The “mini~ice age” receded in the fifteenth century, but there is a

clear possibility that world temperature may drop again. Burke's question,

W hat will happen if the cold comes again?™ is an mtdlectually chllhng one.

Re.wurces and popukmuu None of the changcs in people’s life styles that we
saw in " Thunder in the Skies™ occurred without corresponding changes in the
environment. The adaptation of resources for our use entails the transforma-

_ tion or destruction of otker resources. By the Middle Ages deforestation had -

become a problem in large parts of Europe; Burke notes this and the shortage
of copper for brass durmg his narrative. Technologically based production,
the kind that rcsulxs in the comforts we enjoy so much, has reached out over
the centuries to ‘use more and more of the products of the earth.

The demand for (and the dblhty to produce ) material goods was accom-

panied by a rise in population. Each fed the other«more food, warmer

clothing, and better housing meant that more children survived to become
workers and consumers. For centuries this process was slow, but. with the
Industrial Revolution it, like tcghnology; took off.” The first great warning

dbOUI limited resources—in this case, food—came in the late eighteenth -

+ dictiorof a
an excess of deaths over births came true again and again, but only on a local

-~ century truxr;'j\ English economist Thomas Malthus, The Malthuman pre-

« scale. In almost all famines, food existed that could have fed the Starving :

< people—but it \msn 't where they were. Technology has mde three things

pombk and all operate toduay: first, and most important, is an increase in

food production; sccond is the transportation of food to famine areas; and
third, in the long term, people move out of food- -poor, croVded areas.

» Movements of population, particularly to the New World, brought people

e IR coODTACY with new sesources. The result was economic growth of the sort we -
have seen in past programs, and the creation of systems to make yet more |

matgrial goods. The questions with which we are left are two: How' much do
we (hmk we need? How loné} can-we hav: it?

~ Readings

Read Chapter Six in JamcsLBurkc s Connections.

A numbcr of articles in the Courses by Newspaper book of readmgs Tech- -

s"

B
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pulation growing until it exceeded the food suppiy and caused -
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nology ynd Change, address one |
nology. Jean Gimpel, in "Edvironmental Pollution in the Middle Ages’ " (pp.
135-140), expands Burke's narratiye about wood shortages and goes on to
discuss the air pollution that resultey trom the use of coal. Similar shortages
now tacc the United States, but infminéral resources rather than in wood.
Walter R. Hibbard, Jr., in " Mineral Resources., (hall;nbe or Threat?” (pp

130-134), suggests ways technology| can be_used to conserve and expand

“these resources, rather than squandér uﬁ‘. René Dubos, in “The New
‘Environmental Attitude™ (pp. 141-144), examines what he belie\cs iS4 new

logically posgible and cconomically protitable but wcmﬂy ob)cctxtmablc " The

berg in “Ecapomic Growth, Technology,

spect or another of resources and tech-

.md Society™ (pp. 222+4229), and

licies and Pracuces that dl'e techno-

Malthusian dilemma is re-examined in i{s modern context by N.uian Rosen-

Carter Hendghson describos one type oY résponse’ to fears aboqt resource
depletion in “TRQe Frugality Phenomenon" ;pp 230-238). '

Program Six bégins with the problems of producmg, food under chanyng—
and difticult— conditions. The rt,ldtxonshxp of a population ta its foud supply
_has always been a Lﬂthdl variable in a society. Neal F. Jensen preserts-adis-
turbmg picture in * 'lhg Food-People Problem™ (pp. 186-192), in which he

argues that we dlrwd\ put more nonrcncwabk resources into.food produc- -

tion than'we receive trom it and still the world's population isn’t fed ade-
quately. He also points out that we may soon reach limits in increasing yields
per acre. " The Migrations of Human Populations™ {pp: 175-185) by Kings-

- ley Davis ddds to'the gloom; Davis discusses the functions of migration in the’

past and present, but points out that the world is now full.

l\mplu Davis raises another disturbing aspect of modern technology ine

relation to food in the seventh newspaper article, *Technology, Population,
and Resources.” In the United States we now “'spend” more enesgy to raise
food than we get back from it. Clarence J. Glacken, in the fifth newspaper

~ article, which deals with the.problem of resources, looks at some of the ideas
we have held concerning our relationship to the enwmnment He suggests in

“Culturc: The Link between Naturg and Technology,” that if we look at the

~ history of the \u\ man has aucd on the environment we will have a dxtferentr

picture th.m if we wnsldcr the history of. thhnolog)

|
. x. !
Discussion qustmns . .

LAt the bq,mnm&, of “Thundér in the Skies” Burke asks, “What will
happen if the cpld comes again?™ If the average temperature of your area -

© were to.drop tek degrees, what would the impact be on your life style?

.

-~

e,

n 1
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lniagmc }oumlt hvmg, in tither Hardwu.k Hallor the S.txun maror house.
How would that. htc uomp.m: with- your m\n 9 :

-

lsmgslc} Davis nnses 4 number.of questions .:buut pupuhnoh and tood in . ‘
" his selection in the book of readings and in his newspaper article. ldenmy o
~the three you consider’ most importani. How satisfying are the possible
solutions to. )oux: qucsuons posed by Rusc.nberg and Henderson? '

-8

4 How many of the sources of energy and of pollution identified in "Thunder‘ «
_in the Skies™ and in the readings are still with us today’ Do we know of
wlutxom for the types of pol!utxon these energy sources causc: '

5. \PILL a meal— baeakfast, lunch, or dinner— and fist the points at which
. energy was used in producing the food gcmng it to )ou and preparmg it.

. . ) . . . . -
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Jun‘w‘s‘Bur‘_ké\_ 55&3&13 us from what appegars to be a giant meta'l'b‘ox. This box is
a part ot a method of trahsportation whose impact today is comparable to that,“
of the fluyt, a Dutch ship a\t\sr"é seventeenth ccnt\ury. Today, the Boging 747

air Treighter brings change in its wake ; so did the fluyt. Indeed, the fluyt set in «

motion a whirlwind of eyents that shaped the known world, -
‘To demonstrate the construction of the fluyt, designed in Holland, a suc-

cession of gra;ﬁhics- strips the common fighting ship of the day to its hold, -

alters its shape, and builds it up to carry cargo. The List drawing dissolves into

- & model of the little fluyt that made the Dutch rich.

6
-

~ " . Pitch, brought first from Finland, then

" drum signal a change in scene to the Scottish village where ‘a down-at-the- |
laird,” the Earl of Dundonald; went broke trying to extract pitch from

The Dutch, however, weren't the only trading nation. The English also
wanted to play the tradfng game, and it Wasn‘t'lqng before they entered it
successiully. Seventeenth:century traders .discuss business over coffee - as
Burke describes the . triangle trade“— cotton, slaves, sugar—that was car-
ried by ships insured with Lioyd's of Londbn.‘ Lloyd's identified the ship’s hull
as a key factor in safety, and it is here that we see tRe first link'in the chmin tbit :
came from coal tar. . - A T -
from the American colonies, was
need_ca_to protect ships’ hulls from destruction by a tiny warm that lived in
tropical waters. The American Revolution, howeler, c.ut‘supbl’ies. A fife.and’

heels ¢

for the purpose. He di#d in-poverty without benefiting from coal tar or froma.

~ by-product of coal he had accidentally c{iscovércd~ gas.

In the early nincteenth century, gas provided lights for the city of London
and for the stage on which Burke stands to recite the wonders of this modera -

invention, The “modérn invention " was widely“adopt.qd. It made posgible a K
whole ‘new way of life, with evening activitiés from schaql to theater; but

¢

coal. But as was his luck, he succeeded in developing the-process just as the —————
. English navy began to plate ships” ulls with copper, making pitch obsolete

2
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gd.smakmg .xlso prodmcd another bv product coal tar, At first coal tar was
dumpcd into the Th.lmcs and other rivers, but ultun.ml) it spawncd many
pmduus ‘ . . T
The first was the mackintosh, a waterpruot coat made, ot rubber dts.sohcd
- with the coal-tar derivative . naphtha. The manufacturers of mackintoshes
tried to get British botanists to grow rubber in India so it wouldn't have to be -
‘imported from South America.. The botanists, howevgr were more interested
Ain growing cinchona. in India. From it quinine was extracted to protect British
colonists, who were hacking, plantations, out of Asian jungles, from malaria..
“That experiment failed, but an attempt in 856 1o manufacture qumme from
coal tar resulted, quite agcxdentally in the first aniline dye..
~ As a result of aniline dye. Victorian Engl.md burst into color, dnd 1ts
inventor, William Perkin, grew rich. The British, however, still rcgardud
m.mut.u@n. as a lower-class activity, and they blew their lead. The double-
cagle Ind brass bands of ‘the Germans. replace the Umon Jack. To boot thc .
Germans developed alot of other products trom coal tar. ' P
Burke, driving an old combine across a wheat field, stops to explain a = %
pq,wh.u' economic situation of the late nineteenth century. THe McCormick . o
harvester was largelx responsible for producing great quantities of American
wheat. which forced the world price of wheat down. The German government
subsidized the export of Prussian rye to co‘n‘ipetc with the wheat. But the
Prussian peasants couldn't eat their own rye because it cost too much Burke
- throws a loaf of rye over one shoulder,” The peasants couldn't gat Amem.m '
’ - wheat either, because German import dutics made it cost ted much. Burke
throws a loaf of whc.at bread over the othcr shouldc.r demonstr.mng the
phight of the starving peas.mts . : :
In ordcr to boost its own wheat growing, the Gcrmans nudcd cheap ferti-
Jizers. The way they solved the. problem is a bitof 4 a.hermstry- lesson. Burke,  °
in a labosatory, cxpl.uns the Haber Bosch process to produce amnionia td
fertilizor, Then, with old movies of Paris u\the background, he explains bow
thiy, dmunn was made useless— for the time being— by the French dis-
covery of calcium carbide, The Germans combined the calcium carbide with
‘ - nitrpgen for use as fertilizer, and its by-product, dcetylene, was (fess success- ,
,A—f—*——tully)uxd instead of gas lamps. Germany, with cheiip fertilizer availablg, was =
. off to becoming a major industrial nation. Panly because of the rivalries this o
E " caused, Germany also became a parncxpant in World War I, when the Haber -
" Bosch process became useful again. This time it was 0sed to make explosives.
- The one thread left hanging is what’ hdppéned to the acetylene.. Color
e- moncs ot the 1939 World's Fairin New York and tbe DuPom pavilion -
- introduce us to the tapestry it wove, ‘ L , | Y
" The thread is n,zlon L S -
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“The Long Chain™ presents a mscm.mng succession of Vehicles. It bcgms in

el

* Almost xmmcdulcl) it moves to Hoorn Port in Holland and a graphic an.slysxs

-

thg hold of 4 Bocing 747 freighter at the Frankfurt anrpurt in Germany.

7 ¢ of the fluyt. The traineon which Burke travels in Malaysia (where he also

«drinks the gin and tonic) 1s Liypical of those on the Malaysian Rail system,

. ¢ where prices for a stately (if sometimes hot and sooty) journcy are low. The
o " combine that Burke drixes-is a workmg model. but ghe flags that make it
— . ominous during the first seconds of that scene were put on it for this program.

1hc. suspended monoml Burke travels near the end of the program is in

Wuppuuf Germany. Although it looks tuturistic, it wasopened bythc Kaiser .

m 1900 it h stifl in opu.atmn today.

K . . - , . . ra

.. : - L : -

. betore, from many sources. " The Long Chain " illustrates a number of these,

S The impetus tor the development of techpology can come, as we have noted

but two are particularly outgtandmg-—suemc and engineering and the w.xy ‘

thc\ are brought thggthcr n a pmccs.s of dxswvcry

.Sc :em'e engmeermg, ‘und teci:r;ology How do we distinguish-among science,

e

engineering, and technology? You can probably formulate your own defini-

tions tor each. Others have formulated theirs, and there are many disagree-

S0 will do. and We can stant our sketch by penciling in the outlines of the
. discovery and manufacture of .mlhnc dyes. They were discovered, us you will
rcmcmbcn in hnghmd b) W:llmm Perkin while he searqhed for synthetic

- quinine. Perkin became rich, but England—where inventors were held in

. relatively low esteem and wherc, investors could find other, surer, outlets for.

© ments about the boundaries..For our purposes, broad picture of the three -

their L.xplt)i—-—look little advantugg of its lead. Further, Perkin retired to'a.

- life of science ™ af an carly age—exactly the kmd of thmg a Umvemty man

~ would-want to do in that cra.
Germany, on the other hand, had ucMcaI schools whxch cooperated wnth
umvcrsmu and industry. Their graduates, ‘who did not scorn applied knowl-

'“——,*“‘.dgc mok coul tar dand aniline dyu and developed a wide range of products.’

“This dtttcn,ucc finds « parallel’ in science and technology Very gcnerdlly
science is sy;tgmnzed knowledge. “Science " :mphes the exploration and
org.mu.mon of knuwkdgc for its own sake. Technology, on the other hand, is

" the application of knowledge, Whether based on science or not, for practical

' PUTPOSES. k:ngmu,nng inits brmdut.smsc 1s the process thmugh which this
“is done. The English, if we may return Lo our cxample honored scxcntuts the
Cvcrm.ms rcwan.kd engmcers

. ;‘ . . “'. ‘.“

".‘.
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The distinction, however, is not.absolute. Discoveries, particularly of the
kinds that are chronicledin “The Long Chain,” can be both “science and _ |
“technology™ at once. The discovery of nylon, for instance, contributed to
« our knowledge ot molecular structure and bonding while it produced a new
product thut we have used in many ways, from clothes to tires, :
The further buck in time we 80, the casier'it is to see the distingtion
between scicnce und tcc'h‘.nolugy.' The tluyt was a technological innovation :its
. building neither sprang from nor resulted in new: scientitic knowledge. The
‘ Dbotanists who discovered the cinchona in South America were cataloguing
planis in the interests' of science. Usefulness was a by-product. The botanists
were not blind 1o the possible existénce of such by-products as quining, bug
they were not scarching specifically for acure for malaria, ‘
2 The roke of science and engineering in promoting technology is equally
s "complcx.erhc eogineering skills that produced the fluyt also provided voyag-

- ers with an ability to explore the New World, Engincering provided gaslight
to the city ot London. The scientific inquiry: that discovered the rubber plant
eventually led to the dc,\:clopnicm of a technology for its use.” ,

Perhaps most importantly, the mode of inquiry developed for science
contributed 'to both scientific and technological discovery. The systematic
~ exploration of reasonable hypotheses, the drawing of conclusions congerning
causal events and plausible uutco'm_cs; and the method of logic upon which
these depend are the basis for the kinds of developments Burke chronicles in _
= thisand othcr.p&igrams. D .
.+ Reagdings o - ~ . )
‘ Chapter Seven in Jumes Burke's book, Connections, expands the information
" presented in this program. . o L o
.~ The relationship amony science, engineering, and technology is the theme
 of several articles in the Reader. Technalogy and Change, and in the news-
paper series. Both Robert P. Multhauf, author of the ninth newspaper Mﬁflx, '
“Science and Technology.” and Petor Drucker, in his Réader selection
“Applied Science and Technology ™ (pp. '24"5—25.0). believe that sCience and
. technology have come together in the twenticth century. Multhauf argues that
o ——there was an earlier period whcn*thc*‘scitmist:invehtor“‘g:x_i'sth;ﬁm that the -
" - distinction between science and technology took hold again by the eighteenth
century. Both. inferestingly enough, identify Perkin's discovery of the first
aniline dye as the point at which the two again begin to merge..
In his article, Drucker disti.nguis'hcs between the "tcuhnology" practiced
‘ . today and that of the last century. The differences center on the systématic

§f  wayresearchis now conducted, as opposed to the more hit-and-miss methods

| ot carlier days. Charles Weiner's account in the Reader of the emergence of - -

‘< S 'm‘m.g(:u}u | 4 .
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the tnuw.swr (pp 251-261) |llu;tmtcs this point. ‘ .

The *"density™ of innovation dcpu.tcd in *The Long Chain’ —-Lhc numbcr
pt discoveries occurring at a particular point in time — pamucls the growth of
‘science noted by Derek de Solla Price in his selection, “Little Science, Big
Science” {pp. 239-244). As wé have scen, the television program dwells an

-+ each innovation for some time at the beginning, then picks up speed with

- Perkin's dlscoxcr) in 1856. The pace, like the exponential growth of scientific
know chgc in the twentieth century, increases until we are presented wuh the
~wealth of products displayed at the New York World’s Fair. . -

If the goals of the scientist are to extend the boundaries of knowledge, the
goaly of the engineer are more carthbound. Eugene S. Ferguson outlines
somc of these in the tenth newspaper article, " The Impc.rdtwes of Engmcen
ing." He discusses several characteristics of an engineer’ s approach to prob—

lems: a concern tor efficiency. a preference for labor-saving systems, a desire - %,

t0 w:cld control, an urge to transcend human scale, and an involvement with a ™
problem or project. Each contributes to&l;c engincer's ability to solve techni-
cal problems, but each can also be the sburce of unforeseen complications,
This article is also pertinent to the themes of work and the social, context of

' tcchnulub» in Programs Two and Four and will be rmsed again in connecuon '

with Program Nine.

Sir Willigm Fairbairn, in his Rcddcr sclccnon “The Engmecrmg Profes-

sion” (pp. 267- 272). presents a plcture of the enginéer that contains fewer
quahhuuona Many of the engineering .n.comphshments he traces through
history have been shown on the. programs in the **Connections™ _series,
Fairbairn's use of the term “engineer” is broadened by Therstein Veblcn in
“The Role of the Engineers™ (pp. 283-289) in order to apply “engmeermg
to the entire production process rather than just the mechanical aspects of it,
“inally, another aspect of the relationship between science and technology
" is discussed by Jerome R. Rdveu in **Social Problems of lndustrmhzcd
‘Science " (pp. 262-266). Ravetz believes there are problems that arise spe-
cifically from the modern merging of the two. *“Industrialized science ™ now
“deals with a technology that .offers bizarre possibilities but operates without
the constraints imposed in tradmoqal science by a group of peers, and itis no
Tongcr )ud&,cd by absolute unlu) or. profitability of a product as, in the.
technology we have seen n “The Long Chain.” gas for lamps or the uses of
' COd! tar. :

Dhuuioa Quesuons

(Y

%
“

a

-

) ’ . L i . ) ) -
- L Referring to the tirst seven programs in the *Connections ™ series, identify

~dt least three instances each of. (1) scientific discoveries resulting in tech-"
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nologxul dungc 2) cngmcermg bc.mg rcsponublc tor tcchnylugul
| change. - ‘

2 Both Ferguson. and Ravctic are conccmed about undesirable outcomes of
science, engineering, and technology s Using their specific concerns, iden-
tify at least three situations in Thc Long Cham" for whu.h vou could

' project unfortupate effects, , . L \

3. (ompanc Veblen's pictire of the engineer wnh any two of the lm'cntors _ ‘
Aeatured'in “The Long Lham ’
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. PROGRAM EIGHT

Eat Dnnk and
Be Merry

.Prognun Summary

mukrn world, change their shapes regularly. A dxz;ymg succession of ma-"

The ohjcus around James Burkc in a lighted ofhu: are plasuc and like the _

" chinery, illustrating change, takes us to a factory that helps finance our -

tu.hnolog\ -rich life styl¢’. It makes credit cards, an artifact that may signal the
* logical outcome of a process of 'credit and borrowmg that began about 600
years ago. The factory door slams across the sc i are'talge'n- to the
‘caurt’of the Dukes of Burgundy in fifteenth-century Fr ' ‘

“The fourth buke of Burgundy waged war on credit. He
and his money. and his defeat was the result of a change Bn the face of war,
Burke, in a wdr games room, explains the successive use of pikes in 1476, the

arquabus in’ 1503, and the flintlock in 1521. The tactics that accompanied
thes¢ changes were also altered, and each changc involved more and more

soldiers:

More .md more. sold&rs rcquxrcd more and more food as they mdrched to .

battle’ The m.mcr ;cachc.d a crisis stage for Napoleon in 1800 in Marengo
* Italy, where(he™
something to eat.

~ - Burke, was able to
When he returned to France, Napoleon in an effort to boost the French

mn arrived in the nick of time “and Napoleon, liké

lost a battle because his men were out looking for.

e od his chel’s Tatest conicoction— Chicken Marengo..

- economy. called for profit-making inventions, including something to feed his -

~armies. Burke leads us to the invention "that ‘solved Napoleon’s problem
xhwugh the vineyards of Champagne. But instead of the pale gold bubbly we

expect from the champagne bottles, peas, beans, and soup tumble out.

Nicholas Appert had dlscovered that food cauld be preserved by heatmg itin

T sealed bottlu
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. The Lhdﬂ},t trom bottles to tin cans for food preservation followed a . -
- str.mbc series of links. The endipt the paper chain Burke uses to demonstrate '
thcm was 4 man who bought aJansIdtmn of Appert's book and"who, because

" of his pringing background, knew metal technology. Even the Queen, uhuug
his new clncd tood in 1813+ prohounced it " Delicious!™

But there were problems in canning. Durmb the Crimean War in the 18505, :
| m.m) cans of meat spoiled. The reason ‘mistakenly atmbutcd to the spoilage
was heat and bad uir, .md these. also concerned a man in Florida. Heat, *
stagnunt water, and bad air—* '8 everyone knew'— caused both food to
spoil and pc.oplc to get fever, and there was plenty of dll thru in the swamps
of the southern Umtcd States. ' .- .

- Johp Gorrie, the mayor-of Apalaghlwla thoug_,ht hg could cure pcople of
walaria it he could keep them cool. He had some success with his technique -
because it involved putting gauze over windows which kept out disease-
| Larr)mg mosquitoes. But he had a bigger success with his machinery to keep - "
the air cool. What he had developed was an air conditioner whxch Burke tclls"
us as he whips out.a glass, also made ice.

The same refrigeration system was used to bring chilled becf toa banquet
in New Orleans in 1850 and frozen beef to the docks of London from
Australia in 1880 The next step, however, was linked to the beer~drmkmg,,
h.ibus of the Germans. Scenes of the. Munich festival and great steins of beér
provide a background to Burke's dlscourse on the Germans’ need to cool bcer
vats that would permit brewing all year round. : : , .

~ They solved their problem by adapting Gorrie's system to use ammonia
rather than .ur ‘This is the system our refrigerators use toda), but we have
increasingly used gases that evaporate at lower temperatures or higher pres- .
sures. Such gases are hard to keep in liquid form without a safe container.
Thyg unswer was the vacuum flask, invented by Violle in 1882 and rehned by
Dewar in 1890. It is introduced to us at an Edwardigm picnic and brought toa
- modern concrete landscape. The greatest impact of the vacuum or-"“thermos™

“flask on the twenticth century was made by the rocket moving past Burke. If

you take avacuum flask, remove the top, release a combination of hydrogen <

and oxygen into a,wnhmd space wnth a small holc in n then lgmtc them you -
- ‘“*“hmg a rocku that will mkg."uff - oL B

-ngrau Background e f" - : ‘_ \

Food is a m.uor theme in “Eat, Drink, and Bc Mcrry, and anumber of the -
major scenes are related to it. Chlcken Marengo is scnied to Burke ina ‘
tarmyard on the edge of the battigfield in Italy for which it was named. Peas,
beans, and soup are served from champagne bo d\i{les in the Petit Trianon, the -
little pdhu.c built tor the Napoleonic court, in Epernay. Francc The Frcnch

”
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- self-preservation. Similarly
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[
Consul's dmncr where the wine \L. chilled, was: reconstructed in a period
house in Apaluchicola, Florida, the home of Johs Gorrie. ‘The sickroom
cpisode was filmed in the Gorrie museum there, as was the ice- makylg unit,

- Both the sequences about chilled or frozen beef were also filmed on lomtxon,

in New Orleans, Loumam 4nd at the Smuhncld Market, whers the fist
-'Australian beef arrived. : :
Burke demonstrates the operation of an ongmavl paperm.:kmg machme in

. thc Muscum of Pupermaking, Grenoble, France. And Burke was on the scene

to film the Voyager lift- off of August 23,1977, o.specmlly for the closmg
sequenu. of th:s progrm B _

.
¢ -~ ,
N &
.

Themes ¢  °

,

War as impetus to tecf;mdog) “Contlict scems, at umes to be as much a pdrt -

®of human gxistence as food. At other times, it’ seems to be even more
important. In the area of technological growth, armed conflict has certainly

had 4 more consistent impact on change than thepursuit of more and better
tood. Even " Eat. Drink, and Be Merry." has, at its heart, mxlxtdry need rather’ . -

than a desire to prov ide people with a better life. Why 1s this?

One ‘reason is that the need to fight “better” is very immediate. The
rewards are clear cut. So are the penalnes for fdllure Innovations can be
tested quickly and with obvious results. The knights on horseback in Program
Two had ageal incentive to !l:c better wedpons and breed stronger horses—

faré both uscful and rewarding— .md this investment extends far beyond the
tmplcmx.nts for battle. “An army " Napoleon is supposed to-have said,

“truvels on its stomach.” He, if you will remember, provxded the :mpe(us tor
lhe development of preserved and canned foods. }

Another reason may be that war increases mobility and through 1! the

“spread ” of new ideas. As the armies Burke.describes grew, more and more:
meh (not to mention camp followers) were brought from towns and villages
Into great concentrations, then marched to foreign climes. They often caught
4 number of exotic discases from one another in the process, but, mare
___importantly, there was also a ;gthermg of individuals mthffezemshﬂs‘md

trdens who had a common purpose: One result was an accelerated diffu-
~sion .md adoption of new ideas. '

Cw\emmcm and technology.. “Eat Drmk .mdBc Mury also demonstrates
the relationship of government to ‘technology. Napoleon's government of-
fered prizes for ideas that would. help French mdustry, Gorrie obtained a

. federal patént for his ice-making machine. Further, governments subsidize .
- r;,.seargh they enable mdmdual: to proht from dxscovenes by protectmg their

- : :‘13‘:1‘," T

e e,

vernments find investing in research for war-

L)
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 rights, and they regulate technobgy..Govcmmcnt intervention can either be
helptul to technological -advancement or it can impede it by (1) withholding
. incentives tor it (2) banning technological research; or (3) bagning the
- application of technological discoveries.. o s

Governments also provide a social, -legal, and economic infrastructure
- within which technological development takes place. Governments regulate

.~ . systems of ownership and taxation. They provide incentives or disincentives
to trade and commerce. They ‘establish and mmintain standards for weights

and measures. They are often responsible for comimunications systems—
mails, tclccomm'unications;‘trans;x)rtationa—ihat tacilitate the movement of -
knowledge and goods. ' . - .
Finally, to close a circle we started at the beginning of this section, govern-

ments gnake war,

‘ .

.

Readings | :
- The developments in this program are discussed in'Chapter Eight of Con:
nections. : F g ‘ '

Several articles in the Technology and Change Reader address war and
. “technology. Quincy Wright traces the history of war in his Reader article,
“Technology and Wartare™ (pp..302-311). His article should help you place
. % into a more ‘cole/rcnt perspective the Material you have ¢ncolintered in this
program and Program Two, and that you will meet in the next “Connections”

_ program. Like James Burke, Wright sees the kinds of technology affected by
. war increasing -over time, not simply because of a growth in technology but
because of a growth in the areas of life affected by a nation at war. Giulio
“Douhet foresaw this line of reasoning in his selection ** The Command of the

Air” (pp. 312-316). He believed the airplane would do more to involve the,
civilian population ofa nation in battle than any other military invention.

Lynn White. ir.. in his article “The A'ct of Invention' (pp. 379-391), adds

material on several of the types of-warfare we have seen.
The development of bigger and better ways to kill and maim human beings
. has always raised moral questions. These took a quantum leap with the first
atomic bomb. Three selections in the Reader, by Albert Einstein, the Gen-
eral Advisory Committee to the Atomic Energy Commission, and Andrei D,
Sakharov (pp. 317-331), present some of the ~doubts that scientists have '
concerning nuclear weapons, . - r |
Herbert F. York and G. Allen Greb relate the technology of war and the
e 1ok of government in “Wars: Hot and Gold," the eleventh newspaper article
" in the Courseés by Newspaper series. In-it they describe the ways in which
modern governments influence military research and development. A. Hunter
.~ Dupree, in'the twelfth néwspaper article, **The Government's Role in Tech-

: e .
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“nological Change,” gxplmns some other ua)s wycrnment can mﬂucnce tcch

nology. ‘ : . :
Three articles in the booL of readings dcscnbc the dlrect intervention of

- government into the development of t;chnology Both Reynold M. Wik (PP

338-347) and Carroll W. Pursedl, Jr., (pp. 348-355) describe how the govern-
ment supports technological research, Wik in agriculture and Pursell in indus-
try. John G. Burke's selection, **Bursting Boilers and the Federal Power™

(pp. 356-367). concerns government regulation and its consequences in a
particulur case. The effects of this intervention on technology itself are
explored in the Reader drt&ks by Sanford Lakoff (pp. 368-371) and Jerome
R. Ravetz (pp. 262-266), which wgre ducnbcd in Chapters Two and Seven

~ of this Guide. ~ ° -

N . . . f . s s . . : . .
The possible conscquences on society, of /guvcrnmcnt intervention are de-

seribedin two Reader articlcsi_ David E. [Lilicnthal is eloquent about ;‘hc ’

benefits of the TVA in “Democracy at the Grass Roots™ (pp. 428-431);
Arthur E. Morgan is equally cloguent abput a less appealing aspect of dam
building in"*The Garrison Dam Disaster!™ (pp. 432-440). ' '

-

Dnscusswn Quesnons

1, What different types of ‘“h“"“‘by own in “Eat, Drink, and Be Merry”
did warfare affect? S : .

(,omparc James Burke's and Quincy anht s methods of relatm;, military
history to technology. Do they differ in their interpretations of events?
You nuight want to review your cancluslons after you have seen Program
Nine, Commjown

3. Do the descriptions of government mtervcnuon in the rcddmgs dlscussed

above have parallels. in the {dcvmon program? In past television pro-
grams? What means of government intervention in technology .ire appar- -
ent.to you in your immediate environment? -

_ 4. Busing your answer on bath the program and the reading material, explain

whether you believe the morality of warfare has changed over the'past *°
__thousund years. | |
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The Apollo moon shot is a pertect examplc of why technology is 2 double- |5 :
edged weapon. The same instruments that control the great rocket can make .

- planc travel safer or steer atamic missiles. Their effect on nuhtary strategy

m.a) be as dcu:uve in altering the course of history as another missile, the”

vunnunbal! was 600 years ago. ' T

Fires and"exploatuns fill the scrccn A moving ‘cart transports us to the
walled city of. Axgues-Morxes Francc a perfect examplc of fourteenth-
century . pie- unnon fortification. Burke explains the vulnerability of the’
curtain walls .md corner towers to artillery, then takes us to, another wall. At

: ‘hm glance it looks like.a park, but the grassy mound: actu.auy belong toa

“star¥ort.” Lines of fire supcrunposcd wn an aerial wiew of the town illustrate
its defengive power. Burkc no tandmg opposlte the walls, continues witha
descriptipn of the calculauons dito shoot cannon accurately at the city

. .ms{dc onstrates the instruments-used to make those calculations.

same calculations helped surveyors (which: aided the military, who

usually wanted to know where they were) in their work for! Henry VIII of

r

" _ing inta ughx as he cxplams the role of Wade's road in bringing the sur- N

/

England. Henry dissolved the monasteries in 1536 and oonhscated and soid

their land. The buyers, quite naturally, wanted to know e ctly what ehey

were getting so the land was surveyed. Thcai Sl&l’\(cys also la the’'ground- -

work for the first mapping of England. . /
England was mapped by the late sixteenth century,’ but it was not until 1825 \

that survgys of the entire Bfitish Isles were completed. Burke appéars climb- '

roundm.g Scottish nghlz;nds under London's rule in the mid- -eighteenth cen-
Jry and evemually‘ i creating a map of the area, Next, extending the
suncymg to 'map Ireland resulted in a new Kind of illumination, limelight. .
" The hmehght was bright enough to pmvxde a siting on mountain tops so the :
distances among them could be calculated.

’1"»

" The bright limelight was also tried in hghthouses but provcd too expenswe

Butkc .ippurs Qn stage ‘in the lunclxght to dumatu.c the new soluuon -

51
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With pictures, curtains, and ﬂounshu he prl.uns the events that led to the
dynamo, which powered the arc hght The arc light, illustrated in the sequence

- that begins edach “Connections™ probram works because electricity jumps

froni one carbon rod to another. The worki's tirst electric light had come into
being. as well as the first part of an invention that is now in your house.
The next part is introduced by a ‘disastrous explosion in England and °

continued in a Colorado saloon. “Gun cotton"'—cotton treated with .aud-— ,

and billiard bulls' were, indeed. an explosive combination.

The third picce was as showy but quicter. Thc mpst striking component was
Leland Stanford's bet about the way horses ran, From a series of photographs
the experimenters learned that all four feet leave th§ ground as a horse gallops.
More importantly. they also found that if the p:uurc,s were run r.zptdly through
a projector, it looked like the horse was really moving on film. |
| The last partjal our modern invention was the t kbmph uscd Jmmally to

| prevent trains from runmn;_, ifito one another b§ signaling’ their luc?mun And

\ Thomas Alva Edisonput the pieces all together. \ ﬁ .
\ He used the light bulb he had invented (on the principle of the arc light )40

tlluminate*sequential pnctun.s on a celluloid strip made trom, qmong other
l\ll!&,\ the outer materials of the explosive hilliard balls. *Old tlme movies
oficarlier program sequences run by quickly as Burke recaps he processes

~ that led to this point. Sound was added from the recording devige Edison had
- made (derived in pnnupic from the Morse* telegraph) and used to record

“Muary Had a Lmk Lamb."" A few years later pictures and sound were put on

film, then transmitted f..lu.tromually Burke faces us and taps the back of the

sereen saving, “This is it “This™ is your television set. :
But we haven't quite reached the end. Television isn't an-end- pomt It is

part of an ongoing process. It acts as a relentless reminder of th'. pace of

contemporary change. It also acts to accelerate change. What will xt and-the

hind of science that invented it, do to change the: future? What \nll itdoto

s These are some of the questions that will be taken up in the nextf. and last,
Program. - '

Program Backgrouad

first is Aigues-Mortes, on the Mediterranean coast in sduthern France, one of

the few remaining untouched examples of pre-cannonball fortification, It was

g‘ompkh.d in 1300, several centuries before. the next siic was built. Maarden,
~Holland, is a star fort that has survived civic cxpanswn and modernization.

“Hustory butts may discover two new places to visit during “Cotxm;own.“-'“fhe

The aerial shots provide the most complete illustration of the pattern and *

planning imposed by the cannon. O S

33
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On the other hand; the ability of the camera 10 create the illusion of reality’
where none exists is beautifully demonstrated in the scenes of Liftle Jack ‘
Horner's Pie, The Life of the Glastonbury Abbey Kitchen appears real, but- 7
- when “Jack Horner™ disappears against the ruins of the modern abbey, it
becomes clear that the ¢amera initially excluded the signs of decay. -
Albo created—in the BBC studios— were the. theater set and the'Qld West -
- saboon. The gun-cotton explosion, hawever, was réconstructed at the on’ginal" '
~ site in-Favérsham, Kent, England, and £dison’s Menlo Pagk Laboratory is

now part of the Greentield Museum in Dearborn, Michigan.
Themes - - S

* James Burke hay pointed out that technological innovation s the result of _
- many factors. “Great discoveries ™ are not the product of lonely, uninformed
labor in.a garret. And yet, many of the innovations we have scen-are the work. »
of individual men or women. “*Countdown™ and the other programs in/,.tﬂc
“Connections™ serics are full of the names of the people who put bitS and
picces together and came up with something that' no one else hyd done
before. Why them and not someone else? ‘ . . ‘
~ One of the answers that Burke has suggested is that'these people were at /
"+ the right place at the right time. Thomas Edison, for instance, worked at a3
time when developments in a number of fields oceurred and could occur,ina - . %
place where he could get information about them, and in a situation where he
- would be rewarded for pushing these developments a few steps further.

But Edison wasn't the only person who lived in the right place at the right ~
time and wanted to do things. Neither was Thomas Drummond, the inventor -
of the limelight. Why these two and not two others? Is it only beégusc they, like
Alexander Grahum Bell, were “first to the patent office "2 It is'true that:mariy "
scientific and technaological advances are made simultaneously in a number of -
places, but time and circumstance still aren’t enough to explain the enormous
produ?tivity of some individuals and some’ cultures, Tt‘lrcq other tgctors
applicable to both individuals and their societies and intgragtive to a great
dcgrfc'. are also important in the inventive process. o '

4ot
¥

Individual creativity. There is an old game in which you are handed six
—  'matches and asked to'make [ur contiguods tridngles. After vz rious attempts

at putting them end to end or across-one another somebody\puts three¢ on

the table in a triangle, then builds a three-sided pyramid above them with the.

qemaining three. That individual cithgf knew the answer or axuprouched.,it'

crealively. . | | ‘
Creativity involves “divergent thinking"— or thinkirty that deviates from ‘
customary patterns. The creativg person looks for solutions outside the pat- - f

- . o . .
. s
q ' : S S ‘
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' *wrns dﬂd tormaxs that most of us sée. Ahbough there haxe becn a numbu of

thcorus that attempt 1o explain ch.nmt}, none of them is: complctcly satts-

- tacturv AN we know 15 that u cxuts. and somie peoplc seem 10" have more
. oL it th.m others. . . g :

.

- {mmmg The wntnbutxon of cduutlon to tu.hnologud innov tion, hke that .
of cn,.slmty iy hard to pinpoint, but it exists just as surely. hducanon need
* not be formal, but an individual must have learned something, somewhere,
before hi or she can chimge or improve it., Program- Eight, “The Long \
Chain.” attributéd Germany's Iéad in chemical technology to technical schools
- and their links-with industry : none loc people mcnngncd in “Countdown® AN
- was working in an unknown field — all had h.xd some training. And the more '
= people who have a parmul.u type of knowlcdgg thc brt,atcr the ch.mccs that
N advanees will oceur. o .
o l-unhu Rone Qf the mdmdu.nl mwntor§ we havc scen was llhterate In
' .nddmun to the training necessary for inventjon in a given .u'ea the ablhty to
read .md write is of tfemendous importance in the history of technology We
" haveiscen the effect letter writing, for example, has -had in several pro-
n 1,r4m;-—thc sequence of letters that mablcd Pascal'to mvent the barometer,
L tmévcommumutmn that led 10 prt,scnmg food in tin cans, and Pncstk:ya -
o letter to Ak&.mdm Volta-about his sada water and work o gases. Literacy—
= " taken fQr granted by most of us— allows people to rcad of what others have
Cooo i done, and 1o record their own acmmu. both to rcmumber them- and tQ ,
.o pmud; thgmknowkd},g to yet othcrs ) N ‘ : R o

. Inwllcr:mal _treedom arnd economic mabzluj Pm.nlly mdmduals need to have
I sofie prospect. of gain from. invention. Both intellectual and economic mobll~
_ ity are unportant in; this *regard: Intelkctual freedom prowdc:s a flow of
S mfornmxmn and encourages people to develop their. abllmes economxc
o mobility provxdgs an incentive to dwdop new ideas. . S
“‘Readm;s S T _ Vo
co Rcad Chdptcr Nine in .l.uaes Burkc s book Conncctwns O
‘ It is \mually impossible to address the question of 1mpctus* to mvennom
v mthm individuals without considering d host of other qQuestions. The selec-
© tions'in the Reader, Iggi;_mlagy and’ Chaaga. -and the newspaper artigles -
re l..u;d to this program raise m.my of thcm as tbn) dlscu§s thc mdmduat and -
inventiveness, . . Lp : ‘
. dewkes, bawcrs and Sullcrm.m in “The Sources. of Inventlon" (pp. 406- ‘
410) start’ by asking. “What is an xmennon""The answer as difficult to -
- solate as “who™ the “inventor™ is. The selection, ends with another bmad |
- o ‘qu«.r}--whcth:.r our suucty is set” up in suc.h a way as to eqcourage thatv
"7 inventiveness. (PR '
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: Aﬂt/c:r’;tingly uhuugh. the 'exauilpl_c used here to illustrate the complexity of
~ “invention™ is nylon; you might compare theip treatment of the topic to
Burke's in " The Long Chain." - ST o . o

« - Two Reader selections and the ténth newspaper article present different
aspects of the thought processes 'of individuals who deal with technology,

- Eugene 8. Ferguson's newspaper article, The Imperatives of Engincering,”
wis recommiended as backgrounds reading to Program Eight; it is also appli-
cable here. The same author raises a ditterent aspect of how engineers think'
in his Reader selection. “*Nonverbal Thought in Technology™ (pp. 400-405).
Ferguson a;gu_cs that much technology is yisually and artist'ic;‘nlvly _oricntL_'d and
that we are doing ourselves a disservice by insisting that engineers be trained

o apply rigorous mathématicul proofs to everything. *Freedom and Direc-
tion™ by James C. Wallace (pp. d41-444) alsq raises the uniquerapproach of

“engineers to problems and tasks, and ngstions the ways in which the “engi-
neering ethic™ is allowed free rein to explore and develop technology.

. Burke's questions in the last part of the program are taken up and explored
by Kenoeth Keniston in “Technology and Human Nuturcf'{ {pp. 445-448).
Not only do individual make-up and inteliect determine the course of many
wyentions; technology, Keniston urgues, also. may be fcshapin'g human
niture and, it'this is so, we must be alert to the ways in which this.might
expross itself. R 5 S I

‘Lynn White, jr., in'thc,‘ihirwcnth NCWSPAPCT. articke, **The Mystery of
Inyentiveness,” illustrates some different approaches to technqlogy that are
further.discussed in his Reader article. “The Act of Invention™ (pp. 379~

- 392). Jacob Schmookler (pp. 396-399), cited in-Chapter Five, also presents
some aspects of the psychology of invention. * e '

-

\
Discussion Questipns, "~ |
¥ . ] . ) . . . . i . . . ; . . '
. By this progran)you should recognize sbbjects and inventions that have
Woose one of the following and integrate its treatment
-lated material in previous programs: Humination;’

- -

% inCountdown®
" Wari ('onyiumm

- 22 Outline the qualities You btlieve Burke ascribes to inventors, then check
' them against the material in the *Connections®” programs or book. How
. da they compare with the articles by Ferguson and Wallace”? Are there
ditfercnces between the portrayal of scientists and engineers in the tele-
vision pmgrums,a\lid in the readings? ' ‘

: 3. Have yod tead a biography of an inventor? What does it say about the
A sources of inventiveness for that individual? How does this compare with
the analyses in the “Connections** series and the readings?
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And You
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Yesterday, Tomorrow, -

Program Summary - )

"Yesterday, Tomorsow, and You,” the last program in the “Connections "
series, summarizes the themes that have been presented thys far and projects
them into the future, It opens with d discussion of the changes of nature and -
- the great Jeap in the pace and kind of change when humans began to
_intervene in shaping their environment. It continues as Burke namies the ecight

" major inventions whosé history he has highlighted, and examines their place

in our interdependent, changing world. Scenes from the first program illus-
trate the ways in which technological changc can act as a trigger for other,
multitudinous inventions, - ; E - 4
~ ~Today, because of the exponential growth of science and technology, there
are thousands of potential triggers of change. Burke, starting with the tech-
nology available in a modern hardward store and moving into a classroom,
discusses some of the lincar views of change we have traditionally been
tuught. These approaches; he says, neither explain nor predict. Change and

" its effects are too complex. Recapping @qugnccs‘t‘rom previous programs,
Bu’rkb'rcvicw§ our cxplor”a(ion of this complexity in the past. Will understand-
ing_those sequences enable s to predict change in the future?
. Not.completely. There are too many factors and too mapy things we don’t

&

- know. Burke holds up Volta's electric pistol. What would you have made of ~

- This? As with 4 jigsaw puzzle, ji you don't have all the pieces, you can't see
~ the whole picture. He getsin a car and.drives off. ‘ ‘ |

‘The car is a vehicle for Burke's sfmmary of communication &nd change in
history. As knowledge grew, so did the kind of specialization necessary to
produce the objects we' use. And many technologies are so far beyond our
- comprehension _tha‘t,wc‘-are reduced to judging them by our gut reactions.

- ~
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Burke drives into Cape Canaveral and asks, " How can you evaluate rescarch

Jeyt

~such as this if you base vour u.ﬂu.mon on emotions? ™ But most of us have no

other choice. The frequent result— in this case. a bmkm tangle of unused . |
space cquxpmcnt«——u d trcmu\duu: waste ‘both in th;. prcsmt and tor the
possible tuture. .

The nuclear power plant Burke visits next represents some of the dtlcmmas
of modern. tuhnulubv What do we do when we want the things (in this<ase,

'.'lpo\ur) tcghnulow provides, ')ct are uncasy about possible side effects?
- Burke walks over a'tank*of water holding radioactive fuel and bt.gms to offer:

possible answers. None is completely acceptable. 37

We must know what we are doing before we can plan for the technological
future’ but how can we ever learn cnough to participate in thc decisions that
will be made? Burke strides among mmputcn and poses the dilemma of the

’awm;,; person. It fooks as it there may be Only two options. (1) Do nothmg _

(2).Strike out at” the . things you don't ynderstand ~The computer center,
dissolves into patterns of violent destruction of uchnoluw m sluw -motion ‘
seguence. v - v

“The program ends with Burke talking quictly. 'Ihc.s.c, actions aren‘t solu-

- tions unhur "he suys, The Key to change is the key of knowledge. Today,

understand.

scientists and technologists have that kcy more than anyone. But all of us can
learn from one ano cr_b;;ausc none of us knows everything: What we must
do is-try to ypdrstand, dnd ask questions about those - things we do not

Where do we. s‘turr" : y :

Ask yourself, Burkc suggests, u there is .m)thmg m )our life you want
changed. . N : :

The t.tus we have seen in prumus programs tash by us. interspersgd with
scenes trom a roller coaster. Hu series is over. S -~

'

Prog‘r‘am Backgmun& .

Y

Cinematic technique dominates the last program in the * Connections™ series.

- The visual effects of the “smashing modern technology ™ sequence is an

arresting feature of this program mtlyts combinition of quuk cuts ynd slow . -
motion. Another shot in which the prdgram’s narrative is enhanced by visual

_effects i the movenient toward Burke when he ds wated in-the British— -
Airways Lompulcr Complex at Heathrow Azrport The alternation of one

: ‘.omputu after another provides a Lountc.rpomt to Burkue's discourse as the

camera rolls toward him. -And there will be few viewers whose: stomachs
didn't lurch as lhc\ watched lhc roller coaster scenes that close the program.
Some of the tuhmquu are, asin other programs, enhanced by on-location

' mmmé, Thc nuq,car puwu station is on the chcrn River, .md the mcdxcval



. N LI ‘.
. . .
Al »

. ‘ \
ss i ruocuu TEN

warcr mill s in Mapledurham both in England The gouoyd chemmry se-
quence was filmed at the United Kingdom Atomic Research Laboratory at
Hanwell, Engl.md and the eight artifacts whose hmones we have seen were
assembled in a B-52 at &\&yer Au Farce Base 'in M;rquelt: Michigan.

Thc-u

- At lhc bcgmmng of this Viewer's-Guide we rau.ed certain broad thcmes to
provide a framework for subsequent questions and discussions. We are now
left standing squarely between the past—some. of which -Burke has shown
us—and the' future. It i is ume to re-examine these themes with reference to

_+ 1+ . The result of our examination might. best bc sununuxzcd as a series of
~ statements. Many are simply illustrations of how little we know,
1. There is no single “source™ for technological change. Each innovation

thcfuture : ' . T

o apd its fesylts spring from a web of interrelated factors that may or may not

include the following: time and circumstance ; need’; economic factors; social
and cultural influences; war: government; rehgwn communication; mdx-
vidual creativity ; the general level of education and, by extension, the * yo0l”
~of available minds to coutront a problem; sq«:nce and thc orgamzanon of
rcse.m.h pure accident.
- 2. Technology affects us as individuals and as members of a society. We
| attect technology. We can idéntify some clear rclatwnslups. but are not sure
- of all the ramifications of influence in either direction.

- Our lives are profoundly.influenced on the most material evcryday level by -

thc artifacts we use and the food we eat, ‘Medical technology has saved many
of us from early deaths and enabled most of us to interact more fully with the
- world around us by correcting physxcal disabilities, The imperatives of time

- and thc way in which we organize our work determine the rhythm of our .

4 hvcs-—-tor some of us these imperatives are fagmore influential than the -

ancient succession of weather and seasons. Each of us as an iddividual faces

. less mortal risk in living (that is, our chances of hvmg longer are better)

.- because of technology, but the fabric of our society may be at greater risk. A

A - political upheaval ip the Middle East that closes oil production, a crop failure
' ~in Cangda, or a illa group with an atomic bomb can cause ripples of
— cffegts that spread throughout the world. Technology also affects our politi<
-+ «al behavior. The need to play to the media, according.to many critics,

has distorted issues in national political campaigns. In addition, we are
all affectcd by our namra} cnvxronment and thc w.;ys in whxch tcchnology
shapes it. ‘ ‘
3. We are not sure whether we negd to *control tcchnology," kow todoit
if we want to, or what eifects such control would have. The “systemxc naturc"

_~" A wsd ) .-
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of tcuhmlogy means that if you tmkcr thh one ascht all kmds of results

This complexity is mcrc.w:d because there are 100 many branches of special-

happens quickly. Innovations spread and their coasequcnccs are upon us

ized knowledge tor one person to master them all, oreven be able to talk to
practitioners in a majority of them. And in the mdcm world, everything

before we even know what they are. ‘
But all the “don't knows™ dg ot wnscqucntly mean we aré helpless We

" cana att to question apd attempt to Lontrol technology; but we need to act with

- complexity of our. world ahd the divensity of the" activities it harbors There

the tmpcrtcct tools at our command and to proceed: cautzously with a full

realization of our ignorance. James Burke. simply ‘asks us to recognize the

are no simple answers; thcrc are very few simple questions.

3

Readings o - S

follow, many of them unexpected. “We don’t know Cxa&.tly why inventions . |
ou.ur what they will do, or what changing some part of the system will do.

M.my of the wmpl;x issues raised in thc television program are rccapped in_ .

Chapter Ten of James Burke's book, Congecuons .

James Butke hd\sgtt us in the television program with the questxons that

beg.m the Courses Newspapc.r rcadmgs Most of the articles in the ﬁrst

- section in the Reader address the role of technology in our society and our

ability to control it. Several were. recommcnded to accompany the fi

* program; they could well be reviewed at this point.

~~Another article suggested for an carlier | program, “What Computers Mean'
tor Man and Sotiety” by Herbert A. Simon (pp. 68-76), is worth reviewing

for its qualifications of James Bnrke s stalemants'on computers. It is true, as-

Burke maintains, that computegs €ngble us to predict what will, happen— but
only if we know all the factors that wil\affect an event. Throughout the pro-
grams in this series, however, we have Wen that the sources of change in

- any segment of socnety are Lomplcx and difficult to identify in exact propor-

.uon and detail. - ‘ N

A-turther area of xmphut dxsputc concerns the future.’ Burke outlines
several alternate scenarios.” We can rmagme -2 number of awhors of both
newspaper articles and Reader selections argugng that these are incomplete.

You have already read somc. of these, but one that has not yet been suggested
. is the View of tuhnology presented by Clarence E. Ayrc.s in " The Industrial

‘,‘Way of Life" (pp. 425-427)

One of the questions ‘raised repedtedly in the Conggctxons material is
whether *big is bad™ in technology. Wilson Clark describes a creative re-
spons; currently being advocated in many devclopmg countries. This is

Intermedmtc Ta.chnology (pp. 198-202) or tcchnology geaud tuasmaller

-
-

f’-?.f)
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scale and, at times, a less sophututed mode of htc‘ | : R

Thc last tour .mxdcs in the Reader (pp. 449-<476) concern 'Icc,hnology ;

A»cs.sment Technology Asséssment is the attempt to determine outcomes of
innovations before they are put into practice. The drawbacks gnd benetits of
this kind of activity are prcscntcd in the articles by Peter F. Drucker and

- Harvey Brooks, and in Nempapu Article 15, “Assessing and Directing’
" Technology " by Melvin l\r.uubgrg Langdon Winner and Dorothy Nelkin, in

their Reader selections, mgve - }!\cyond technok)gy assessment in a broader

area which encompasses the ju re and.what we shouldwor can do about it.
Finally, this might also be & good tim¢ to look back and review the first

newspaper article in the Courses by Newspaper series. In it John Burke raises

manyof the same q\;:suon: as Jamea l{urke but does not nccesszmly come to’

all thc samc condusnbn.s

Ducumon Questioas . |

2

1. Think of the world in ten years. What tcchnoiogxcs might have been

developed by then” Would a television series 'such as-this raise different

; quesuons and have different emphases? What would they bc ?

What ditterences can you identify between the dpproachcs of the two

Burkex to their u)rgmon field, technology” thch do you find more

. wggcmdl and why?

K 1 yo_q wcrc: a member of Congress, would ymi voteto extend the powers

of the Office pf Technology Assessment? Why/or why not?

4. If you vdud'yes what exactly would you have it do? Outliné the mecha--
nisms through Which it would conduct its work, and the exact powers nt o

would have once its )udgmz.nts‘ hdd been made.
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“TIME CHART"

«.© ANCIENT TIMES
' ‘ 100@8(3-5@&0

Tochaslogical Developments -
Significant to cmm:cnous

agnculturc

. ) 1 .
—Great pyramids built in Egypt

' —Middic Kingdom ; acme of Ancicnt

Exyp(ian'civmzm" on

.~—Beginning of maney exchangc

A ouchstonemuu SthccmuryB(_)

. '-—Gokkn Age o( Greece: sc»cncc and

medicine of Hippacrates, Phto’
Aristotle

,'— lexander the Great

~

~Ice Age gnds - B
- —Neolithic Age: fxbncsnoa
and use of stone tools .

. "A
—~Nomadic peoples move to -

“valleys in Syria, Egypt,

~ ~ Central Amcrlca )

«Bcgmmngs of copper (and

later bronze) metaliurgy -

BN

r—Wmmg_ in use liddh:

- East

~~—Chinese people had

~developed city-states,
- roads, irrigation

~—Beginnings of iron
“ metallurgy in Near East
onfucianibm in China’

conquers Persia, part of

* —Risc of Buddhism in India, .

. India, Egypt: Alexandria, -

- Egypt, becomes world,

e

"‘l;

- —Archimedes’ wurk on statics and : trading center (4th ccm;liir '
machines (levers); Euclid’ swork in . BC) ‘ 4
mathcmatics R "
~Hero of Alexandria's work on bgdrmhs;s
and pneuuwf: - ~Roman Empxrc csublubed :
L ﬁ '—stcofChmwuuly - ~
' -,Pmkmnc amonomy dcvchpmem of .
astrological theory
- ~Water-powered grain mills in use < ‘
| *Note thai the scale of the time | “
| line changes within the Ancient )
" Times section and belw«n the -—Romm Empire cndt in thc
VArious time periods. Wcst & T
61 .
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~| TIME CHART e )
 MEDIEVAL TIMES | 3
. SO0AD.-1500AD. - - T g
. Tochaslogical Developments Qther Significant Events -
Siguificant te CONNECTIONS - in World Histecy
S - —~Mokdboard plow in use in central Europe -
® —Mohammed cstablxshcs new
- tchsnon Islam
, o ‘
-~ T —Latecn sail in usc AMOBE Arutw oo . =
~ Papermaking acqmred itom Chmcsc by  —Moorish invasion of Europe
. © Arabs . - " turned back (Battle of Tours,
o . 1 -—Nump in use mEumpc Ve France, 732) ‘
o Wo - ! . ‘ St e —Charkemigne crowned Holy =
t , - o : ~ Roman Empcror (8&) e,
‘ . T —Horse vollar mdcly usodby Arabs, Vnkmgs. : .
" -, throughout Europe BN ‘ Su. .
. . '-Horsc in use in Bynnuum w becnl - o o o
“ - LY —Astro i use by Arabs n v, . . a L
o --HomthoemmcmEumpc C - o
‘ —Panét silk, clocks, Mtronmmcsl , o _""v_‘
. ‘ mzl‘rumcnu, porizontai loom, spinning - —
. - 1000, sl in use, Medicval China. . . ‘
B - —Medu:val Industrial Revolution based on —William the Conqueror
s /'waterpower (Mb—l}l)ﬁs) ‘Europe. ' becomes king of England
o /-Honaoaud bom in bse, Flanders (Battle of Hastings, 1066) - :
\ uo —Crusades (1th=13t >~ - /%
) ‘ : (, —Arab nwdxc;l knowledge :prcad t.hrouch centurics) S

. Schog) of Salkrno, Ttaly,
\ # C ¢ —Water clock widely used in Europe
"®11/ —Chimney in use, England

,120,0 —-Hmd-kmltuu buttoos, and |pmnmg wheel learning of Arabs spreads
e inuseinE throughEurope -
i Compuss and w' - PO“ ruddcr m use in ~—Monasteries, particularly
- . Europe -~ - Cistercians, aid spread of L
. ) ) o technology (11t.h-l3th ‘ SRR
1300 —Mechanical cloks in use in Eumpe § centuries) o
, . —Longbow widely used in Wales* ¥ . ~“Little Ice Age™ in Eumpe
WD o —Cannon first used in warfare in Europe - (13th—l.’nh centuries)
T o Crankshaft in wse in Europe ~+—— -~~~ —~~Bubonic plague-sweeps - —————
SN v Eutope (1347-1402) -
1400 —Increased-use of watcrpuwcr in huropem —England's Henry V dcfcats_‘
- o cindustry ..?Frcnch (Battle of Agmmun i
, =, - ~—Gutenberg dcvdops mtcrchangcable type, 1415) ¢ - g
' L © Germany —Fall of Congtantinople to R
~Development of navigational aids k;ads to “Turks (1453) . L
_"' ‘ + Buropc’s Age of Discovery . " —Columbus discovers. Amcnca : o
i i *' '—Pike phalanx used in battle - ‘ (1492) - ) t

—Fall of Toledo to Chnsuam & ‘./ )
{1105) ends Moslem | L
‘domination of Spain; dmscxl e
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-—lmemgalm of nugncmm hy William
Gilbert and others

—lavention of telescope and tclcscoptc
dneovcryby Gameu and olhcrs o

1650 and others; dcvdopnum of bz:omctcr in

.. . Framnce
i

- =Otto von (mcncke dtmomtrms vscumn
L pump, Germany i

—Pendulum clock develgped in Holland by

(R Chnstian Huygens x
! . —druercke’s work wnt‘wﬂm ball (ﬁm
v electrical gencrator)
L 17007 —~Stcam pumping engines developed by
T Thomas Newcomen and others widely uscd
\ . inEnglanmd.
\ —Coke decomes | nu)or source of fucl for

. \ "+ English industry ‘

P A

|
« 4 —~Experiments with clectricity by Hﬁuksbcc in
. England, Nollet it France, Ben;amm
- Frankln in America $ \
—Spinning machines that spurrcd Xndum'nl
»Rcvolutmn developed in England
mc§ Wanmmmmmm
* cHiciency ‘
—Joscph Priestiey’s work with -gascs, Englaud
‘-«—Hut air and hydro;cn balloons devebped
Mongolhcm in France) ‘
—Volta invents the electric battery

\
\
i

1600 -—Dutch “ﬂuyl." (cirgo ship) comcs"mto‘ use

| —-E.xpenmcms wuh air prcssure by Torncelh .

=

—Royal Saciety of London
- —French Academy of Sciences -

L ——Ncw!on s lhoory ofgramaxm-‘

 ZFrench Revolltion begins -

a0 ” Y ‘ .
. | | )
' R
S ‘ 1
\ .
EARLY MODERN TIMES !
. 1500AD.-1800AD. ,
Tochaelogical Developments MWEM - . -
Significant te CONNECTIONS n World Hitory .~ »
300 —Windmills widely used in European industry - L
© -=Production line uscdby Venice Arsenalin -mb:simsw "“'of
building ships  —Ma _
carms b| mugket ~—~Magcllan circumnavigates the
_h‘ Uﬂ“l ) M o bnue carth; Cortes conquers Aztecs .
—-Lopetmcm arguch earth moves auound‘.su‘n v "THC""Y :’:g‘dm"ﬂ Englmh‘ e ‘
L —Agru;uu s work unng - “ ‘“'
e o] ~Theodolite tor whcynn; mvcntcdm - \\ . G
R Englasd ' R L W
S e e
% ¢ . - v
' —English defeat Spanish
- Armmada (1588)

—-.Iameuowg, Vu‘gmu. foundcd | ,
(1607) -
—Pilgrims land in America

€

g

founded (1660)
founded (1666) © o A

(1687)

—Amcncan Revolutnn (1776)

w«w. of Nations (1776) ]

(1789); Frenchand . - S i
Nspoleonic Wars (1792—1815) T "

- —Malthys' Essay on the

- Principles of POpuIauou - s
(17%8) o - LT
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1800

1850

1950

—Stcam engines widely used in E.nglnh mines,

©cotton mills
—Jacquard om dcveloped France

~Henry Maudslay perfects precision lathe in

England: beginnings of mass production
—Preservation of food in bottles, then cans
~—~Giaslamps used for street lighting in E ngland

 —Cyrus McCormick invents nwchl.mcal

reaper, U.S.

' American Schm of Mmufacture
—Link between magnetism, clectricity:

dchonstu;qd by H. C. Oersted, Denmark

—Tclcgup}t pq(cmcd by &dmucl F. B ‘Morse

—Automatic machines (scwmg rive
typewriting)

—.-\m!mc dye discovered by Perkin, England

~oil discovered. i in Pennsylvania ;

—Combustion. engmcs developed by N. A
Otto in Germany

—~Telephone mvcmed b) Mcundcr Gubam
Beli

. —~Phonograph, clectric light igvented by

Thomas A. Edison
~-Beginnings of motion pictures
—Gasoline-powered automobiles developed
—Refrigeration becomes widespread -

‘—Time and motion studies of workoes -
—Ford uses assembly line for auto production

' ,—Bcgl‘nningsof plastics indu’sxr'y in Germany

—~Radar developed in England

—Ekctronic digital compultcss i use

— Atomic bomb used on Japan (1945)

' —Transistor developed in U.S.

-

.

«&uum 14 takcs U.S. .uuom\uts to moon:
(1%9) . .

e
»

5

~ Rusians launch i aribcial stlle

 TIME CHART . .
 MODERN TIMES
1800 AD. to the Present _
Techuolegical Developments - Other Sigaificant Evests
‘WDC&NNECTIONS

in World History

-

~—War between United States

and England (1812} -
—Napoleon defeated at
Waterkoo (1815)

<

—Revolutions in France,
Germany, laly: Marx and
Engéls’ Communist Manifesso
(1848)

~Crimean War ( 1854*5{))

—Darwin's Origin of Species
(1859)
—U.S. Civil War(lSﬁl 65)

—German Empirc uuhhshcd
(1871) .

~—-Wur§d War § (WMglh"gw
—Russian Revolution (1917)

‘-Grcal Depression

—World War 11 (1939-45)

' -—Peop‘ii."s Republic af Ching

established

e &

bl

' " ‘. ~
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